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Chapter 2, Reserve Problem 2/054 


View Policies 


An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 4.0 m/s to the ball at time t = 
O, determine the acceleration a of the ball (a) at time t = 0.07 s and (b) at time t = 0.20 s. At point F, the speed of the pinball 
has decreased by 16% from the initial value, and this decrease may be assumed to occur uniformly over the total distance 
traveled by the pinball. Use the values r = 175 mm and 0 = 68°. 


Answers: 
(a)t=0.07s, a= ( -47162205551656 i+ ا‎ 0 j) m/s? 
(b)t=0.20s, a= ۰ 0 i+ | -49.473622898528 j m/s? 


eTextbook and Media 


Solution 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may not 
match those in the problem you have been given to solve. 


An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 3 m/s to the ball at time t 
= 0, determine the acceleration a of the ball (a) at time t 0.08 s and (b) at time t = 0.20 s. At point F, the speed of the 
pinball has decreased by 10% from the initial value, and this decrease may be assumed to occur uniformly over the 
total distance traveled by the pinball. Use the values r = 150 mm and @ = 60°. 
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My Question Set 


Question 1 of 1 Interactive view , J9 orF | © REMOVE FROM SET 


Chapter 2, Reserve Problem 2/057 Multistep 


View Policies 


Motion of the sliding block P in the rotating radial slot is controlled by the power screw as shown. For the instant 
represented, 0 - 3 rad/s, Ê= -0.02 rad/s?, and r = 335 mm. Also, the screw turns at a constant speed giving r = 45 mm/s. 
For this instant, determine the magnitudes of the velocity v and acceleration a of P. 


Find the r- and 0-components of velocity. 


Answer: 
v= 45 mm/s 
Vg7 43.55 mm/s 


eTextbook and Media 
Hint 


Solution 


Determine the magnitude v of the velocity of P. 
Answer: v= | 62.622699558547 mm/s 
eTextbook and Media 
Hint 


Solution 


Find the r- and 0-components of acceleration. 


Answer: 


a, = -5.6615 mm/s? 


adg= 5.00 mm/s? 


eTextbook and Media 


Hint 


Solution 


Determine the magnitude a of the acceleration of P. 


Answer:a= 7.553315977106 mm/s? 
eTextbook and Media 
Hint 
Solution 


Please Note: this solution shows the solution to the problem with one particular set of values. These values 
may not match those in the problem you have been given to solve. 


Motion of the sliding block P in the rotating radial slot is controlled by the power screw as shown. For the instant 
represented, Å = 0.1 rad/s, 6 = -0.04 rad/s, and r = 300 mm. Also, the screw turns at a constant speed giving 7 = 


40 mm/s. For this instant, determine the magnitudes of the velocity v and acceleration a of P. Sketch v and a if 0 = 
120°. 
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View Policies 


The member OA of the industrial robot telescopes and pivots about the fixed axis at point 0. At the instant shown, 0 = 54°, 


0 = 1.3 rad/s, Û = 0.92 rad/s2, OA = 0.96 m, OA = 0.66 m/s, and OA= -7.0 m/s. Determine the velocity v and acceleration a 
of joint A of the robot. The base of the robot does not revolve about a vertical axis. 


Answers: 
v=( -0.621714942467 i* | 1267507211148 j) m/s 
a=( -7.170916531146 i+ | -5.447896704540 j m/s? 


eTextbook and Media 


Solution 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may not 
match those in the problem you have been given to solve. 


The member OA of the industrial robot telescopes and pivots about the fixed axis at point O. At the instant shown, Û = 
60° Ó = 1.2 rad/s, 6 = 0.8 rad/s, OA = 0.9 m, 02-5 m/s, and OA = -6 m/s2. Determine the velocity v and 
acceleration a of joint A of the robot. The base of the robot does not revolve about a vertical axis. 


=r > 5 m/s 
1g =r = (1.2)ؤ.ه‎ = ۱۰۵ € mls 
y= fost + ۵8 = ۱.۱۹9 ۶ 
i دمو‎ €-ró*- -6- 0.1(.2)* 
= - 7.30 mjs? 
Qe > وم‎ + 9 
= 0.4 (+0. t) + 2(0.5) (1.2) 
= 2 m|s* 
تبه‎ {1.30% + 132* = 1.54 mjs* 
= tan (HE) = 2۰ 
So for هلد‎ Ox = 604 65.2° = 125.2" 
È = tan =) 15.3? 
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N 
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Knowing that crate A slips on 
B and that B moves up and 
to the left as shown on the 
figure. What is the 
acceleration of Ain the x-y 
coordinate system shown? 
Assuming A moves to the 
right, What is the friction 
force between A and B? 
mass, = 10kg 
====Solution 5 massg = 20kg 
Applying a force balance 


XE, — م۳‎ = may 


XE N-mg= ma, 


We know (since the crate is 
slipping) 


Ff = LN 


Acceleration of the crate relative to B is only in the x- 
direction 


> — > 
Q4/g = اورم0‎ 

> _ 2? > 

aa/B — Q4 — dB 


^ dy = وريه)‎ — agcos)t + agsin0] 


XE -u,N = m(aa/z = (50معوه‎ 
XE, N - mg = magsin8 
N = m(g + agsin0) 
6050و = وريه‎ — Ux(g + agsin8) 


d, = —ux(g + agsin0)t + agsin0] 


If Static Coefficient of friction was checked — there was no slip 


3/12/2021 


Quiz 3 


Disk A has a radius of 3 meters, and disk B has a radius of 4.5 meters. Both disks roll on the ground without slipping. Bar DE 
has length 16 m, and is pinned to the disks as shown. Point D is at the top edge of disk B; point E is located 0.8 meters from 
the edge of disk A, directly below the center of gravity of disk A. At the instant shown, w4 = + 0.75 s^! for disk A. 


At the instant shown in the diagram, determine the following: 
(a) The velocity of point K at the edge of disk A. Express your answer in the x-y coordinate system shown. 
(b) The location of point K. Express you answer in the polar (r- 0) coordinate system centered at point ۰ 


(c) «pg for bar DE and wp for disk B. 


rad, = 3m 
radg = 4.5m 
Answers: 0 = 30? 
i rad + 
1 1 1 "AM 1 1 : 5 ۲ Alternate Solution ره‎ = 075 R 
(a) Va = ()رگره‎ = (0.75)(3)(-D = -2.25 زا‎ Vg = رثا‎ + Vyj, = -2.251+ cR, (sin30/ - 30 2 Part A 5 
x " 5 " " 1 ۲ rad,sin 0 
9 = -2.251+ (0.75)(3)(sin 30 - 60530 ( = - 4.22 + 1.125] m/s posg = (raas + m) vely = w4 X posk Also can solve relative 
0 toA 


(b) {x,y} for K = ( 743 sin 30, 3+3 cos30) = (8.5, 5.6} 


r= ¥8.52 + 5.62 = 10.18 m; 0 = tan"! E) = 33.38° (or 0.58 radians) 


(c) Vp = Vet Upjg 


7 m ۲ * : E Vp = Vg + ۷ 
But Vp and Vg are both horizontal vectors, and Vp has both horizontal and vertical components 2 و‎ + ۵۱۶ 


7 E Lu PR i e ۳ 
Therefore Up = Vg = (w4)(0.8 m) = -0.6 7i (direction from diagram), and عجرو‎ -0 > mpg = 0 From equations you find 


bl = 26 = 0067 > وه‎ = +0.067 s^! (direction from the diagram) (or +0.067 k s71) 


los] = 2 (Radiusg) ~ 2x45 


Final part can be done by inspection (and relative to ground 


4/2/2021 


Uniform disk A slips on the belt with ug =0.4. 


Neglecting the weight of the link AB and using the 
coordinate system shown in the diagram, 


Draw a free body diagram of the disk (2 points) 
Determine the force exerted by the belt onto 
the disk (3 points) 


Determine the angular acceleration of the disk 
(3 points) 


Solutions N—Fyp cos = 0 
LN + Fag 5190 —mg = 0 


N =—“2 -=4.597N 


5 101710 + uy 


F; = uy N-1.838N 


1 
—Fr=la i= 5mr 


4/9/2021 


The block can move up and down. 
Find the natural frequency of vertical 
oscillation of the 50 kg block when it 
is set in motion. Each spring has a 
stiffness of 20 N/m. Neglect the mass 
of the pulley. 

Use the coordinate system shown 


Solutions 


Both natural frequency 
definitions are acceptable 
if units are clear 


T =4ky 
Xy ate Merateg — 2T = Meratey 
Merate = 2(4K static + Y)) = McrateV 


.. 8k 
yr y=0 


Mcrate 


Hibbeler defines natural frequency 


as this Meriam and Kraige define natural 


frequency as this 


4/9/2021 


Alternate Solution — Energy Method 


T +V = Constant 


1 ۳ 1 5 
2 McrateY *g8ky — Constant 


MerateYY + Bkyy = 0 
Canceling y 
iis 8ky = 0 


yt ky =0 


B EG 


Alternate Solution - Lagrangian Approach 


5) _ OL 


1 T 
T- 2 crate 


v= ek 8 
L-T-V 


d " 
dt ay = McrateY 


d (OL OL ۳ 
dt ay - By erate + 8ky = 0 


12-2. 


When a train is traveling along a straight track at 2 m/s, it 
begins to accelerate at a = (60 v ^) m/s”, where v is in m/s. 
Determine its velocity v and the position 3 s after the 
acceleration. 


SOLUTION 
. dv 
77d 
به‎ - 


3 v 
| Te f a 
0 2 60 A 


1 
3 = — (v - 32) 


300 
v — 3.925 m/s = 3.93 m/s 
ads = vdv 
ds = ae = ar dv 
s 1 £395 ۱ 
[^ = 60 / v dv 


Ans. 


Ans. 


12-13. 


The acceleration of a rocket traveling up ward is given by a, = b +c s,. Determine 5 
velocity when s, = s,, and the time needed to reach this altitude. Initially, v, = 0 and s, = 0 when 
1 — 0. 


1 
Given — b-6— c=002— Sp1 = 2000 m 
2 2 
5 5 
Solution: 
dv, 


dym ran N 


0 0 
2 
ع‎ bs ls 
2 P 2 P 
ds 
Vp = E = Joss + esp) Vp] = y 2bspi temr ر‎ Ans. 
Sp] 
7 1 g 1 


| ول‎ a| ——e 09585 سس‎ 
2b — 2bs — 
y 795p 7 y 0ك‎ Sp 7 


0 0 


12-14. 


The acceleration of a rocket traveling up ward is given by a, =b +c s,. Determine the time 


needed for the rocket to reach an altitute .ررك‎ Initially, v, = 0 and s, = 0 when ¢ = 0. 


Given: b=6 


Solution: 


c 2 
puc dm 


ds 
Vp = E - 4 205p + esp 


1 
t= | —— روا‎ 


4 م25‎ + esy 


0 


1 
c = 002 = sp1 = 100 m 


2 m 
Vp] = | 2bSp1 + زورک‎ Vp] = Mc 


1 
2b Sp + CSp 


12-26. 


When two cars A and B are next to one another, they are 
traveling in the same direction with speeds v4 and vg, 
respectively. If B maintains its constant speed, while A 
begins to decelerate at a4, determine the distance d 
between the cars at the instant A stops. 


SOLUTION 
Motion of car A: 
v = U9 tat 
v 
0 = VA = aat t= A 
aA 


v? = D T 20,5 = 59) 


0 = v4 + 2( ¬ aj)(s4 — 0) 
ES 
S 2a, 


Motion of car B: 


VA ) VAUB 


Sp = Upt = Up 
aA 


aa 


The distance between cars A and B is 


Ans. 


12-28. 
A particle travels to the right along a straight line with a 


velocity v = [5/(4 + s)]m/s, where s is in meters. 
Determine its deceleration when s = 2 m. 


SOLUTION 


“44s 
vdv = ads 


o cds 
(4 + sy 


5 f 5 ول‎ 
وس سس‎ i 
_ 8 
* 4+ sy 


dv 


Whens = 2m 


12-34. 


A boy throws a ball straight up from the top of a 12-m high 
tower. If the ball falls past him 0.75 s later, determine the 
velocity at which it was thrown, the velocity of the ball when 
it strikes the ground, and the time of flight. 


SOLUTION 


Kinematics: When the ball passes the boy, the displacement of the ball in equal to zero. 


Thus, s = 0. Also, ,ره = ونه ,0 = وى‎ = 0.75 s, and a, = —9.81 m/s. 
(+1) cee e 
2 2 


1 _9.81)(0.75%) 


When the ball strikes the ground, its displacement from the roof top is s = —12 m. 


Also, رن = ون‎ = 3.679 m/s, t = روا‎ v = v, and a, = —9.81 m/s”. 


(+1) s = so + vot oa 


1 
12 = 0 + 3.679 4 2| 9.81)? 


4.905t2 — 3.679t, — 12 = 0 


3.679 + V/(—3.679)? — 4)4.905()-12( 
2 2(4.905) 


Choosing the positive root, we have 


Using this result, 


(41) V = 09 + act 


v, = 3.679 + (—9.81)(1.983) 


12-85. 


A particle travels along the curve from A to B in 1 s. If it 
takes 3 s for it to go from A to C, determine its average 
velocity when it goes from B to C. 


SOLUTION 
Time from B to Cis3 — 1 = 2s 


20m 


12-87. 


Pegs A and B are restricted to move in the elliptical slots 
due to the motion of the slotted link. If the link moves with 
a constant speed of 10 m/s, determine the magnitude of the 
velocity and acceleration of peg A when x = 1m. 


SOLUTION — 


Velocity: The x and y components of the peg’s velocity can be related by taking the 
first time derivative of the path’s equation. 


x? 


—+y=1 
A 


1 

4 (2x4) + 2yy = 0 
مس‎ ۱ 

2** + 2yy =0 


or 


1 
ails + 2yv, = 0 (1) 


Atx =1m, 


Here, v, = 10 m/s and x = 1. Substituting these values into Eq. (1), 


; (O0) (33s =6 v, = —2.887 m/s = 2.887 m/s | 


Thus, the magnitude of the peg’s velocity is 


Acceleration: The x and y components of the peg’s acceleration can be related by 
taking the second time derivative of the path’s equation. 


z ) + xx) + 20y + yy) = 0 

1,.5 ۳ XVI: 

2 (x xi) Xy + yy) =0 
or 

1 > 2 

ZU H xa,) H 2(vy H yay) = 0 (2) 
Since v, is constant, a, = 0. When x = 1m, y= : m, v, — 10 m/s, and 


v, — —2.887 m/s. Substituting these values into Eq. (2), 


Ye 


1 
و‎ (00 + 0) 4 1 2.887(2 4 =0 
a, = —3849 m/s? = 38.49 m/s? | 


Thus, the magnitude of the peg's acceleration is 


S 


12-91. The pitching machine is adjusted so that the va = 30 m/s 
baseball is launched with a speed of v4 = 30m/s. If the ball 

strikes the ground at B, determine the two possible angles 04 سپ‎ rat) 

at which it was launched. 12 m T 


I+ 30m | 


Coordinate System: The x-y coordinate system will be set so that its origin coincides 
with point A. 


x-Motion: Here, (v4), = 30 cos 04, x4 = 0 and xg = 30 m. Thus, 
( X رد = ود‎ + (VA), 


30 = 0 + 30 cos 0 4t 


1 
cos 64 


(1) 
y-Motion: Here, (v4), = 30sin04,a, = —g = —9.81 m/s’, and yg = —1.2 m. Thus, 


1 
(+1) YB YA Es (VA), gg zat 


-12 = 0 + 30 sin رو‎ + 5 Cospe 
4.9052 — 30sin@,t — 12 = 0 (2) 


Substituting Eq. (1) into Eq. (2) yields 


2 
اس‎ 1 ) — 30 sin nd 1 ) - 1.2 < 0 
cos م0‎ cos 04 


1.2 cos? 04 + 30 sin 04 cos 04 — 4.905 = 0 


Solving by trial and error, 


04 = 7.19° and 80.5? Ans. 


12-93. 


The balloon A is ascending at rate v, and is being carried horizontally by the wind at v,,. Ifa 
ballast bag is dropped from the balloon when the balloon is at height h, determine the time 
needed for it to strike the ground. Assume that the bag was released from the balloon with the 
same velocity as the balloon. Also, with what speed does the bag strike the ground? 


Given: 
12 Bn 
y4 = — 
4 hr 
km 
Vy = 20 de 
h=50m 
= 981 Z 
و‎ = 7: 2 
S 
Solution: 
ay = 0 ay = -g a 
Vy = Vw Vy = -gt + VA 
Sy = Vyt ye! + ۷۸ + 
1 y + E 0 + 7 
— A A 
Thus 0 < كت‎ + ۷۸ +h t= Ans. 
2 g 
2 2 
Vy = Vy vy = ۸ v= | Ve + Vy Ans. 


12-95. 


A projectile is given a velocity v; at an angle ¢ above the 
horizontal. Determine the distance d to where it strikes the 
sloped ground. The acceleration due to gravity is g. 


SOLUTION 
(+) S = So + tot 


d cos 0 = 0 + v (cos (1 


(+1) S = وى‎ + uot + jar 


d sin@ 


0 + v (sin $)t + 2) 


Thus, 


m sin )و‎ 42285) 1 (tes 
9 5 Up COS h 25 Up COS pb 


gd cos? 0 


sin@ = cos0 tan و‎ = —,—— 

? 20 cos? 4 

. 20 cosh 

d = (cos 0 tan ¢ — sin 0) ———— 
g 05 0 


DE ii 


12-98. A projectile is fired from the platform at B. The 


shooter fires his gun from point A at an angle of 30*. C ا‎ 
Determine the muzzle speed of the bullet if it hits the گس‎ 
projectile at C. | 
۳ A 10m 
Coordinate System: The x-y coordinate system will be set so that its origin coincides Z 30° | 
with point A. 5 1.8 m 
- 20m ۱ 


x-Motion: Here, x, = 0 and xc = 20 m. Thus, 


( $.) Xc = X4 + (VA), 
20 = 0 + v4 cos 30° t 0 


y-Motion: Here, y4 = 1.8, (v4), = v4 sin 30°, and a, = —g = —9.81 m/s’. Thus, 


1 
(+1) Yo = ya + Wa)yt + 5 af 


10 = 1.8 + v4 sin 30°(£) + 5 C981)0* 


Thus, 
20 sin 30° 
10 - 1.8 = t 4.905(t)* 
E a ) 89 
t = 0.8261 s 
So that 
20 


vA caso eel) OS Ans. 


12-101. 


It is observed that the skier leaves the ramp A at an angle 
04 = 25° with the horizontal. If he strikes the ground at B, 
determine his initial speed v4 and the speed at which he 
strikes the ground. 


X 


SOLUTION 


Coordinate System: x— y coordinate system will be set with its origin to coincide 
with point A as shown in Fig. a. 


4 
x-motion: Here, x 4 = 0, xg = 100(2) = 80 mand (v4), = v4cos 25°. 


Bus Xp = XA + (vA) 
80 = 0 + (v4 cos 25?)t 
80 
|= 1 
t 4 cos 25° o) 


y-motion: Here, y4 = 0, yg = —[4 4 100(2) = —64m and (v4), = vasin 25° 


anda, = =g = —9.81 m/s”. 


(+1) ور‎ = JA + (Wa)yt 3 a, 

—64 = 0 + v4sin25^t + 5 Cop? 

4.9057 — v4sin 25° t = 64 Q) 
Substitute Eq. (1) into (2) yieldS 


80 2 80 
4.9055 ———2| = in 25°| ——— | = 64 
5 ۳ cos =) cca 6 cos =) 


80 : 
6 cos =) “ae 


80 
UA cos 25? 


Substitute this result into Eq. (1), 


— 4.545 


80 


t = ———— = 4.5446 
19.42 cos 25° 5 


12-101. continued 


Using this result, 


(+1) (vg), = (v4), + ayt 
= 19.42 sin 25? + (—9.81)(4.5446) 


= —36.37 m/s = 36.37 m/s | 


( T ) (Ug), = (v4), = va cos 25° = 19.42 cos 25° = 17.60 m/s > 


Thus, 
vg = V (vg? + (vp); 
= V 36.377 + 17.60? 


E isl 


12-122. 


If the roller coaster starts from rest at A and its speed 
increases at a, = (6 — 0.06s) m/s”, determine the magnitude 
of its acceleration when it reaches B where sg = 40 m. 


SOLUTION 
Velocity: Using the initial condition v = 0 at s = 0, 


vdv = a, ds 


T vdv = "nc — 0.06s)ds 
0 0 


ys ( vias = 006) sale 


Thus, 


v = 0 — 0.06(40)? = 19.60 m/s 
5 (40) (40) / 


Radius of Curvature: 


= 1 2 
Y 1007 
dy 1 
dx 50 
d?y NM 
dx) 50 
dy\? 3/2 1 2 13/2 
tb tlm 
: (a) i [s J 
n dy 1 
dx? 50 
x=30m 
Acceleration: 
a, = ù = 6 — 0.06(40) = 3.600 m/s? 
v 19.60 


=— = = 4.842 m/s” 
7n p — 7930 ms 


The magnitude of the roller coaster's acceleration at B is 


— 79.30m 


(1) 


Ans. 


12-126. 


If the car passes point A with a speed of 20 m/s and begins 
to increase its speed at a constant rate of a, = 0.5 m/s’, 
determine the magnitude of the car’s acceleration when 
s = 101.68 mand x=0. 


SOLUTION 
Velocity: The speed of the car at C is 


ll 


vc? = v4? + 2a; (Sc — Sa) 


vc? = 20? + 2(0.5)(100 — 0) 
Uc = 22.361 m/s 


Radius of Curvature: 


EY 
FS و‎ 
dy E 
qo 92007) 
dy 
— = 3 
(107) 
dy\? 3/2 273/2 
1+ (2) ۱ + (-3 2005 x) | 
p = = 312.5 m 
dy -32(10°) 
dx? x=0 
Acceleration: 


a, = ù = 0.5 m/s 


vc? 22361? 
p 0 3125 


an = = 1.60 m/s? 


The magnitude of the car’s acceleration at C is 


12-133. 


Car B turns such that its speed is increased by 
(ag = (0.5e") m/s”, where t is in seconds. If the car starts 
from rest when 0 = 0°, determine the magnitudes of its 
velocity and acceleration when ۲ = 2s. Neglect the size of 


the car. 
SOLUTION 
5 : ۲ ۲ ۲ dv 
Velocity: The speed v in terms of time 1 can be obtained by applying a = dr 
dv — adt 
v 1 
/ dv = / 0.5۵ dt 
0 0 
v= 0.5(e -= 1) 


Acceleration: The tangential acceleration of the car at t=2s is 
a, = 0.5e = 3.695 m/s”. To determine the normal acceleration, apply Eq. 12-20. 


v 3195 
ay = — = 
P 5 


= 2.041 m/s? 


The magnitude of the acceleration is 


12-139. 


The motorcycle is traveling at a constant speed of 60 km/h. 
Determine the magnitude of its acceleration when it is at 


point A. 


SOLUTION 


Radius of Curvature: 


y= 2x2 


2 13/2 213/2 
£ + (2) l ۲ + (ivan) l 
dx 2 
= = 364.21 m 


2 
Sy is | = lay 
dx? 4 


x=25m 


Acceleration: The speed of the motorcycle at a is 


km \/ 1000 m 1h 
v ۳ "rem Ys) 16.67 m/s 


v 1667 
9 p 364.21 


= 0.7627 m/s? 


Since the motorcycle travels with a constant speed, a; — 0. Thus, the magnitude of 
the motorcycle's acceleration at A is 


VT VOT UE aw 


12-145. 


The particle travels with a constant speed v along the curve. Determine the particle’s 
acceleration when it is located at point x =x). 


Given: 


mm y (mm) 
= 300 — 
5 


2 


k = 20x 10° mur 


x; = 200 mm 
Solution: 
k 
xx) = = 
x 


d 
y'(x) = —»Q) 
dx 
x (mm) 


y'o) = Ly) 


2 
p(x) = ———— ———  6(x) = atan(y'(x)) 01 = Ox) . = -26.6 deg 


E" x LL 


12-150. 


The two particles A and B start at the origin O and travel in 
opposite directions along the circular path at constant 
speeds v,=0.7m/s and vg 1.5 m/s, respectively. 
Determine the time when they collide and the magnitude of 
the acceleration of B just before this happens. 


SOLUTION 

5, = 27)5( = 31.4159 m 
SA = 0.7t 

8g — 15t 

Require 


Sg = 31.4159‏ + ره 


0.7 t + 1.51 31.4159 


Ans. 


aya Fh OO asa i 


v4 — 0.7 m/s 


12-163. 


At the instant shown, the watersprinkler is rotating with an angular speed ۵0 and an angular 
acceleration 0". If the nozzle lies in the vertical plane and water is flowing through it at a 
constant rate r’, determine the magnitudes of the velocity and acceleration of a water particle as it 


exits the open end, r. 


Given: 

ugs 

5 
frag د‎ 

2 

5 

m 
peg 

S 
r=0.2m 

Solution: 


2 
a= (0?) + (r0" + 2/9) semet Ans. 


12-167. If arm OA rotates counterclockwise with a 7 = )4 هذه‎ 2 0)m? 
constant angular velocity of 0 = 2 rad/s, determine the 
magnitudes of the velocity and acceleration of peg P at 
0 = 30°. The peg moves in the fixed groove defined by the 
lemniscate, and along the slot in the arm. 


Time Derivatives: 


r” = Asin 20 


2۳ = 8 200 


. | 4 cos 200 : 
دم‎ = m/s 0 = 2 rad/s 


2(r + i?) = 8) -2 sin 200? + cos 206) 


4(cos 200 — 2 sin 200?) — j 


ul 2 à = 

r ۱ m/s 0 - 0 
At = 30°, 

V4 sin 60° = 1.861 m‏ = رورا 

: . (4cos 60)Q) _ 

Ho-a = 1861 — 2.149 m/s 

0 4[0 - 2 sin 60°(27)] — (2.149) 1 

Hoza = 1.861 = —17.37 m/s 
Velocity: 

v, = F = 2.149 m/s vg = 7۵ = 1.861(2) = 3.722 m/s 


Thus, the magnitude of the peg’s velocity is 
Ans. 


Acceleration: 


a, = Y — r£ = 1737 ¬ L861(2) = —24.82 m/s? 
وه‎ =r + 2;0 = 0  2(2.149)(2) = 8.597 m/s? 
Thus, the magnitude of the peg's acceleration is 


Ans. 


12-168. The peg moves in the curved slot defined by the 
lemniscate, and through the slot in the arm. At 0 = 30°, the 
angular velocity is ۵ = 2 rad/s, and the angular acceleration 
0و1‎ = 1.5 rad/s. Determine the magnitudes of the velocity 
and acceleration of peg P at this instant. 


r = (4 sin 2 0)m? 


Time Derivatives: 


2ri = 8 cos 200 

. 4 cos 200 ۲ 
PP m/s 0 — 2 rad/s 
a(r + 2 - a( —2 sin 200 + cos owe) 


4(cos 200 — 2 sin 200?) - i 


f= > m/s? ê = 1.5 rad/s? 
At 0 = 30°, 

rlo-x» = V4 sin 60° = 1.861 m 

: . (4cos 60°)(2) _ 

ES 1.861 = 2.149 m/s‏ ووأ 

, 4 ومع‎ 60*(1.5) — 2 sin 60°(2”) | — (2.149)? " : 

T\9=30° 861 -76 m/s 
Velocity: 

v, = t = 2.149 m/s vy = rð = 1.861(2) = 3.722 m/s 


Thus, the magnitude of the peg's velocity is 


Ans. 


Acceleration: 


a, = T - r£? = —15776 - 1861(2) = —2320 m/s? 
وه‎ = rê + 2;0 = 1.861(1.5) + 2(2.149)(2) = 11.39 m/s? 


Thus, the magnitude of the peg’s acceleration is 


Ans. 


12-170. 


The pin follows the path described by the equation r = a + bcos@ At the instant 0— 6,. the 


angular velocity and angular acceleration are 6 and 0". Determine the magnitudes of the pin’s 
velocity and acceleration at this instant. Neglect the size of the pin. 


Given: 
a = 0.2 m 
y 
b = 0.15 m r=a+ ۱ 
0; = 30 deg 
g - رو‎ d Ld | 
5 = 5 
0,9۲ 
a” = 054 
2 
5 
Solution: 0 = 0 
r = a+ bcos(6) r' = —bsin(0)0 r" = -bcos(6) 0” BRO 


v= p + (rey? Ans. 


2 
a= 5 — " t (rg + 2'0) somi Ans. 


12-171. 


The slotted link is pinned at O, and as a result of the 
constant angular velocity ف‎ = 3 rad/s it drives the peg P for 
a short distance along the spiral guide r = (0.40) m, where 
0 is in radians. Determine the radial and transverse 
components of the velocity and acceleration of P at the 
instant 0 = 7/3 rad. 


SOLUTION 

6 = 3rad/s r = 0 
r = 0.40 
T? = 048 


At 0= r = 0.4189 


+ = 0.4(3) = 1.20 


0 = )0.4(0 = نز 


v=r=1.20m/s 


Ans. 
Ans. 
Ans. 


Ans. 


12-172. 


Solve Prob. 12-171 if the slotted link has an angular 
acceleration 6 = 8 rad/s? when 0 = 3 rad/s at 0 = 7/3 rad. 


SOLUTION 

0 = 3120/6 r= 0.40 
r = 0.40 
T = 0.46 

NEA 

3 

8-3 

06-8 

r = 0.4189 

r= 120 


3.20 = )0.4(8 = نز 


Ans. 


Ans. 


Ans. 


Ans. 


12-173. 


The slotted link is pinned at O, and as a result of the 
constant angular velocity 0 = 3 rad/s it drives the peg P for 
a short distance along the spiral guide r = (0.40) m, where 
6 is in radians. Determine the velocity and acceleration of 
the particle at the instant it leaves the slot in the link, i.e., 
when r = 0.5 m. 


SOLUTION 
r= 040 

i = 0 

0.46 = نز 

8-3 

0-0 

Atr = 0. 5m, 

0-— 8 = 1.25 rad 
r = 1.20 


Ans. 
Ans. 
Ans. 


Ans. 


12-179. 


A block moves outward along the slot in the platform with 
a speed ofr = (4t) m/s, where t is in seconds. The platform 
rotates at a constant rate of 6 rad/s. If the block starts from 
rest at the center, determine the magnitudes of its velocity 
and acceleration when ۲ = 1s. 


SOLUTION 


Ans. 


Ans. 


= 832m[s$ 


12-180. 


The rod OA rotates counterclockwise with a constant angular velocity of ©. Two 
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape 


is a limaçon described by the equation r = b(c — cos(0)). Determine the speed of the slider 
blocks at the instant 0= ۰ 


Given: 

و و 

5 

mm‏ 100 = م 

c=2 

0; = 120 deg x 
Solution: 

0-60; 

pc blc — cos( 9)) cos 8) 


12-181. 

The rod OA rotates counterclockwise with a constant angular velocity of 0 
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape 
is a limaçon described by the equation r = b(c — cos(@)). Determine the acceleration of the 
slider blocks at the instant 0 — ۰ 


Given: 2 
م‎ = 100 mm 
6 < 2 
0; = 120 deg 0 8 
Solution: 
0-60; 


~r = b (c — cos 0) 


12-183. The slotted arm AB drives pin C through the spiral 
groove described by the equation r = ۸0. If the angular 
velocity is constant at 0, determine the radial and transverse 
components of velocity and acceleration of the pin. 


Time Derivatives: Since 6 is constant, then 6=0. 
r= 0 i = 0 ř=aĵ=0 


Velocity: Applying Eq. 12-25, we have 


Acceleration: Applying Eq. 12-29, we have 


Ans. 


Ans. 


Ans. 


Ans. 


12-184. The slotted arm AB drives pin C through the 
spiral groove described by the equation r = (1.5 0) m, where 
6 is in radians. If the arm starts from rest when 6 = 60° and 
is driven at an angular velocity of 0 = (4t) rad/s, where t is 
in seconds, determine the radial and transverse components 
of velocity and acceleration of the pin C when t = 1s. 


Time Derivatives: Here, 0 = 4t andó = 4 rad/ s. 


r=1.50 ۶ <۶ 150 = 15) = 64 = 156 = 1.5(4) = 6m/s? 


Velocity: Integrate the angular rate, 3 00 = ri 4tdt, we have 0 = HC + qr) rad. 
Then, r = lie + ohm Att = 15, = 5 [605 + a] = 4.571 m,} = 6(1) = 6.00 m/s 
and 0 = 4(1) = 4 rad/s. Applying Eq. 12-25, we have 
v, = << m/s Ans. 
vp = rô = 4.571 (4) = 18.3 m/s Ans. 
Acceleration: Applying Eq. 12-29, we have 
a, = نز‎ — r8 = 6 - 4.571(47) = -67.1 m/s? Ans. 


r + 276 = 4.571(4) + 2(6) (4) = 66.3 m/s? Ans. 


Il 


a 


12-194. At the instant 0 = 30°, the cam rotates with a .  r = (200 + 100 cos 0) mm 
clockwise angular velocity of 6 = Srad/s and and angular í dcm 

acceleration of 6 = 6 rad/s’. Determine the magnitudes of 
the velocity and acceleration of the follower rod AB at this 
instant. The surface of the cam has a shape of a limaçon 
defined by r = (200 + 100 cos 0) mm. 


Time Derivatives: 
r = (200 — 100 cos 6( mm 


(—100 sin 60) mm/s 


r 


—100|sin 00 + cos 06| mm/s” 


~ 
1 


When 0 = 30°, 

r|o-ao* = 200 + 100 cos 30° = 286.60 mm 

sin 30°(5) = —250 mm/s‏ 100— = ووأ 

7|g-39° = —100[sin 30*(6) + cos 30°(5?)] = —2465.06 mm/s? 
Velocity: The radial component gives the rod’s velocity. 


v, = ۶ = —250 mm/s Ans. 


Acceleration: The radial component gives the rod's acceleration. 


a, = Y — r? = —2465.06 — 286.60(5”) = —9630 mm/s? Ans. 


12-203. Determine the displacement of the log if the 
truck at C pulls the cable 1.2 m to the right. 


(Sg - Sc) = 1‏ + و25 


3sg — sc =l 
3Asg — Asc = 0 
Since Asc = -1.2, then Dat um 


3Asp = -1.2 


12-209. 


If the point A on the cable is moving upwards at v,, determine the speed of block B. 
Given: 

m 

vg = -14 — 

5 


Solution: 
L1 = (sp - s4) + (sp - sp) 
0 = 2vp - v4- VE 
L= (sp -= sg) + (sc- s) 


0 = vp + vc = 2vpg 


L3 = (sc- sp) + sC + SE 


0 = 2vc - vp * VE 


m m m 
Guesses vc -1— vp =1 — ve = 1 - 
5 5 5 
Given 0 =2vp-v4-VE 
0 = vp + vc 2۷ 
0= 2vc — Vp t VE 
vc MC -2 
f m 
vp | = Find(vc, vp, vg) vp | =| -10 | 2 
5 
VE VE =6 


VB = VC 


12-210. 


The motor draws in the cable at C with a constant velocity vc. The motor draws in the cable at 
D with a constant acceleration of ap. If vp 0 when t= 0, determine (a) the time needed for 
block A to rise a distance h, and (b) the relative velocity of block A with respect to block 8 


when this occurs. 


Given: 


Solution: 


Lj < sp + 2 


0 = vp + ۸ 


0 = ap + 2a4 


L2= sp + (sp - sc) 


0 = 2vp - vc 
0 = 20 - 6 
-ap 
dac 
TUS 
vA = a4t 
8 ah 
s4 = —h = aj س‎ t 
2 ag 
VA = agt VR = روح‎ 
'A A B 2 C 


1212258. Ans. 


VAB — VA — VB 


12-217. 


The crate C is being lifted by moving the roller at A 
downward with a constant speed of v4 = 2 m/s along the 
guide. Determine the velocity and acceleration of the crate 
at the instant s = 1 m. When the roller is at B, the crate 
rests on the ground. Neglect the size of the pulley in the 
calculation. Hint: Relate the coordinates xc and x4 using 
the problem geometry, then take the first and second time 
derivatives. 


SOLUTION 
xe + VA + A =! 


۱ 1 1 f 
Xc 5 (FA 16)~1?(2x4)(x4) = 0 


1 


zC +16)? 220(4) + QÀ + 16( 1? (x4) oA + 16) aaa) = 0‏ دج 


l = 8 m, and when s = 1m, 

xc=3m 

3m‏ = رد 

UA = XA = 2 m/s 

aa =X, = 0 

Thus, 

ve + [(3) + 16-12 (3)(2) = 0 

m/s = 12 m/s‏ 12— = من 

ac — [BF + 16] ?? (3? (2 + ])3(2 + 1612 (2» +0 = 0 


ac = —0.512 m/s? = 0.512 m/s? 1 


Ans. 


Ans. 


— 


12-221. 


At a given instant, two particles A and B are moving with a speed of v, along the paths 
shown. If B is decelerating at v'5 and the speed of A is increasing at v',, determine the 
acceleration of A with respect to B at this instant. 


Given: " 
= 8 ns p = 5 m 
NET S SAT 2 ر‎ (ya) = (xay 
S 
m ۶ 1 
t. = — ڪڪ‎ 
a= 1m و‎ 2 
5 


Solution: 3 


y) = IS )"ر‎ = tQ) 


b 
A 
=x 
— 
1 
Q 
i LN. 
alx 
Wee 
N 


3 
DN 
p= (1 uri (a) | 0 - atan( y'(a)) p- 7812m 
y"(a) 


ds aer) zl 1 8 
ag = ۷'4 + — ag = — 
sin( 6) م‎ \ cosl 2۱-1 


12-222. 


Two planes, A and B, are flying at the same altitude. If their 
velocities are v4 = 600 km/h and vg = 500 km/h such that 
the angle between their straight-line courses is 0 = 75°, 
determine the velocity of plane B with respect to plane A. 


SOLUTION 

Vp = Vat ۲۸ 

[500 <—] = [600 <] + UB/A 

(Æ) 500 = —600 cos 75° + (vg), 
(ug/a), = 655.29 < 

(+1) 0 = -600 sin 75° + (vg), 


(Vpya)y = 579.56 1 


(vga) = V (655.29) +(579.56) 


Ans. 


Ans. 


12-231. At the instant shown, cars A and B travel at 
speeds of 70 km/h and 50 km/h, respectively. If B is 
increasing its speed by 1100 km/h’, while A maintains a 
constant speed, determine the velocity and acceleration of 
B with respect to A. Car B moves along a curve having a 
radius of curvature of 0.7 km. 


Relative Velocity: 
Vp VA + VB/A 
50 sin 307i + 50 cos 30°j = 70j + vaya 


VgjA = {25.01 — 26.70j} km/h 


Thus, the magnitude of the relative velocity يربع"‎ is 


"m Ac am 


The direction of the relative velocity is the same as the direction of that for relative 


acceleration. Thus 
-و‎ tan ease > Ans. 


Relative Acceleration: Since car B is traveling along a curve, its normal 
acceleration is (a5), = " = = = 3571.43 km/h’. Applying Eq. 12-35 gives 
ag = a4 +t agja 
(1100 sin 30° + 3571.43 cos 30°)i + (1100 cos 30° — 3571.43 sin 30°)j = 0 + agya 
agja = [3642.95i — 833.09j} km/h? 


Thus, the magnitude of the relative velocity ag,, is 


VERRIER imn ae‏ دی 
And its direction is‏ 
swt Benes ۰‏ 


v4 =70 km/h 


vg = 50 km/h 


12-232. At the instant shown, cars A and B travel at 
speeds of 70 km/h and 50 km/h, respectively. If B is 
decreasing its speed by 1400 km/h’, while A is increasing its 
speed at 800 km/h’, determine the acceleration of B with 
respect to A. Car B moves along a curve having a radius of 
curvature of 0.7 km. 


Relative Acceleration: Since car B is traveling along a curve, its normal acceleration 


vy 50° 
is (ag), = 5 703^ 3571.43 km/h?. Applying Eq. 12-35 gives 


ag = a, + ABA 
(3571.43 cos 30° — 1400 sin 30°)i + (—1400 cos 30° — 3571.43 sin 30°)j = 800j  agj4 


agja = (2392.95i — 3798.15j] km/h? 


Thus, the magnitude of the relative acc. ag/4 is 


ae‏ توس VET CY‏ درد 
And its direction is‏ 


v4 = 70 km/h 


vp = 50 km/h 


12-239. 


Both boats A and B leave the shore at O at the same time. If 
A travels at v4 and B travels at vp, write a general 
expression to determine the velocity of A with respect to B. 


SOLUTION 


Relative Velocity: 
VA = VB + VA/B 
vaj = وه‎ sinfi + vg cos 0j + وبر؟‎ 
VA/B = —vgsin 01 (v4 — Vg cos 0([ 
Thus, the magnitude of the relative velocity v 4/5 is 


V/(—vg sin 0)? + (v4 — vg cos 0‏ = وبر 


o E = 


And its direction is 


Problem # 1 


32-2. Acar starts from rest and reaches a speed of 20 m/s 
after traveling 125 m along a straight road. Determine its 
constant acceleration and the time of travel. 


Solution: 


Ue x tong 5 AS 


- Sut alee) 


Problem # 2 


" 


١ NES oe‏ سام ا 


MELDE In wis 
Bk- Gowls.. \QSS8. 
Vows" 


12-5. Traveling with an initial speed of 70 km/h, a car 
accelerates at 6000 km/h? along a straight road. How long 
Will it take to reach a speed of 120 km/h? Also, through 
What distance does the car travel during this time? 


Solution: 


Ua = O la \ ما‎ 
Ove 


U?* 120 اس‎ 


oe -10° ' ks] [t 


e Ttt mnn 


م 


-To + (Loog) et‏ موا 


Looo سا‎ 


al Ce OD اس و‎ i7 


eee S Q2. 


om" le v ۱ 


As 50 | SMT at. 


NE *‏ “اوم 


عيبا Se‏ جو م 


+ SOS. 


Problem # 3 

12-10. A particle is moving along a straight line such that 
its acceleration is defined as a = (~2v) m/s’, where v is in 
meters per second. If v = 20 m/s when و‎ = 0 and f = Û, 
determine the particle’s velocity as a function of position 
and the distance the particle moves before it stops. 


Solution: 


يي > 


i 
Xu 


۳ V i 
m 3 


we hasis 


١ 3 
á i P 7 s S mA الاب‎ [4 j 
pa DES e JE N ac AJ &., cio Aloe Met 
Ê S i A ETE. A Mu de ates 
( van Lhasa tat ia ١ 


Ao pud. Ou. TRA) 


^ (C 
25 ook o لمق ا‎ 
0 CAS CU uo 
Li 
1 Ose 
p 
= d$- Mod 


5 U 
f 1 ud 
p ١ ذم | = كلم‎ 05 
P z Gi, 
[um 
o 2.0 


vant S = “= A 
? 2 
a) @ We Sz | هه‎ mw, 


Problem # 4 


12-17. Two particles A and 8 start from rest at the 
origin s = 0 and move along a straight line such that 
a, = (6t ~ 3) m/s’, and ap = (128 — 8) m/s’, where t is in 
seconds. Determine the distance between them whent = 4s 
and the total disfance each has traveled if a 4 5. 


Solution: 


v 


he h po 
La Noa prs dd e ted & 


SM ahi, i TY 8 8 € tbe, P 
Jotak. SA i EN (e AS, 


net FO 8 ES 


^ 


nek he 
که معطو میں‎ 


de INTUS 


49 
Qe = 1265-8 vals ۵ 


de 
هد‎ 7 AM ۷۳ ر‎ ate ع "اه‎ C -4) 
4 


۰ تناها See‏ ده همه 
Na‏ 
bk O 125 9 2(2-5* -4.‏ 


5 bó Q . 
> borok. gfe rant ach. ie s & 150 vo 


koon ود‎ m 2 we | 
AS = 4ة‎ 2 ۱69 ee cheaiin سکلت‎ leac, 


bk ۵ ۱5 Be | EO) ط-‎ 


m 
fa ° 


3 1 begs „Å Ba ex A. VE ed ۷ hic, WAND UT ng wl 
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Problem # 5 


12-26. Ball A is released from rest at a height of 12 m at 
the same time that a second ball B is thrown upward 1.5 m 
from the ground. If the balis pass one another at a height of 
6 m, determine the speed at which ball B was thrown 
upward. l 


Solution: 


صن ا سین" 
+O «AS vis goma i‏ ونا wm‏ 5 
"E orm‏ 


T in 
ae Nn oats do GO to 
6^ 45+ TONY - چ‎ ) 


=> wie 4.5 + BAS _ KAS varg 


{© 
Problem # 6 


12-341. Determine the time required for a car to travel 
1 km along a road if the car starts from rest, reaches a 
maximum speed at some intermediate point, and then stops 


at the end of the road. The car can accelerate at 1.5 m/s? 
and decelerate at 2 m/s. 


Solution: 
Ava 5€ 
Keo eae ؟ ساو‎ du orbe c ae 
2 vl -— a 
Amoy 7 kS mds” ami ~ 9 mje ۱ MOLY کو‎ haee 
5 » Ae. Av ono. . 
سب‎ — 
مه( ۶ ,و‎ SET 


buk وه و‎ locom. 


2) tum ااا‎ 2 


Problem # 7 


12-66. A particle, originally at rest and located at point 
(3 m, 2 m, 5 m), is subjected to an acceleration of 


a = (64 + 127k} m/s. Determine the particle's position 
(YY 2( 201 ع<‎ is 


Solution: 
Y. - 3,2,5) m 
ant’ 
o. (kk +19) كلك‎ ° 
ya T C 4 ۶ ۱ 
i Iu t sd 
"m كيد‎ 27 | ops" | كه‎ Ux 7 Sc 
dx ^ $5 ۶ 
fus ae 
rd y 
جا‎ a اه‎ J 
ye Bet \ x ( 
aad ber , 42K) ak | dr 
ok is 


5 1 4 we 
2. «ووی)‎ Ge) + © 


Problem # 8 

12-69. The position of a particle is defined by 
r= {5(cos 2r)i + 4(sin 2t)j} m, where t is in seconds and 
the arguments for the sine and cosine are given in radians. 
Determine the magnitudes of the velocity and acceleration 
of the particle when t = 1 s. Also, prove that the path of the 
particle is elliptical. 


Solution: 
5 دم )و | ا‎ 2 0 + (5:294 ] ibd 

pa CO tts 

1 A 

D Or ae (cose i Beas 2 
كل" )3.333 - همم‎ 
dc . Ces | - دح مو‎ - ee e 
MO 300 > 4555) ws 


VS ١ ef كل‎ Is (576 mie 


Problem # 9 


12-79. When a rocket reaches an altitude of 40 m it begins 
to travel along the parabolic path (y ~ 40)” = 160x, where 
the coordinates are measured in meters. If the component 
of velocity in the vertical direction is constant at 
v, = 180 m/s, determine the magnitudes of the rocket's 
velocity and acceleration when it reaches an altitude of 
80 m. 


x 


۳ LY - 40)? = 160: 


(wc HOY” = Moo 


ABD) = ۹۵۶‏ (م-مع) دز 
60 


mo 55 ۱ 


10 


et 


dus. def Sy = 180 (80) = 405 ۳ 
qo ^" 


Problem £ 10 


12-81. Show that if a projectile is fired at an angle 6 from 
the horizontal with an initial velocity vo, the maximum 
range the projectile can travel is given by Rmax = viy £- 
where g is fhe acceleration of gravity. What is the angle 6 for 


this condition? 


Solution: 


$a 6 
۳ 1 à 
+ ko “سد‎ | e BR ~ Ah grd- gedenan Y ۱ 


۱ ۱ عار‎ 
OO + gawi (2) ~ AV 


= xam cb P 
=) t Am el 3 D Nw A ey 
—á 
a 
3 


: b 2. ae "T 
وا‎ Qe Ue 60S & (e) s 2 Se x, يهن‎ cam e 
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Problem # 11 


12-82. The balloon A is ascending at the rate 
va = 12 km/h and is being carried horizontally by the wind 
at vy = 20km/h. If a ballast bag is dropped from the 
balloon at the instant 2 = 50 m, determine the time needed 
for it to strike the ground. Assume that the bag was released 
from the balloon with the same velocity as the balloon. 
Also, with what speed does the bag strike the ground? 


ip = 12 km/h 
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Solution: 
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Problem # 12 


12-91. A ball bounces on the 30° inclined plane such that 
it rebounds perpendicular to the incline with a velocity of 
v4 * 12 m/s. Determine the distance R to where it strikes 
the plane at B. 
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Solution: 
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Problem # 13 


12-101. A car moves along a circular track of radius 75 m 
such that its speed for a short period of time, 0 s f = 4 s, is 
v = 0.9(¢ + ^) m/s, where t is in seconds. Determine the 
magnitude of its acceleration when t = 3 s. How far has it 
traveled in { = 3 s? 


Solution: 
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Problem # 14 


12-106. The jet plane travels along the vertical parabolic 
path. When it is at point A it has a speed of 200 m/s, which 
is increasing at the rate of 0.8 m/s Determine the 
magnitude of acceleration of the plane when it is at point A. 


Solution: 
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Problem # 15 


12-111. At a given instant the train engine at E has a 
speed of 20 m/s and an acceleration of 14 m/s? acting in the 
direction shown. Determine the rate of increase in the 
train's speed and the radius of curvature p of the path. 


Solution: 
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Problem # 16 


*12-120. The car B tums such that its speed is increased 
by ùg = (0.5e') m/s’, where t is in seconds. If the car starts 
from rest when 0 = 0°, determine the magnitudes of its 
velocity and acceleration when t = 2 s. Neglect the size of 
the car. Also, through what angie ۵ has it traveled? 


Solution: 
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Problem # 17 


12-122. The ball is ejected horizontally from the tube with 
a speed of 8 m/s. Find the equation of the path, y = f(x), 
and then find the balls velocity and the normal and 
tangential components of acceleration when 1 = 0.25 s. 


Solution: 
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Problem # 18 


12-126. The two particles 4 and B start at the origin 0 
and travel in opposite directions along the circular. path 
at constant speeds ره‎ = 0.7m/s and vg = 1.5 m/s 
respectively. Determine the time when they collide and the 
magnitude of the acceleration of B just before this happens 


M 
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Problem # 19 


12-137. If a particle's position is described by the polar 
coordinates r = 401 + sin £) m and @ = (2e) rad, where ز‎ 
is in seconds and the argument for the sine is in radians, 
determine the radial and transverse components of the 
particle’s veiocity and acceleration when t = 2 s. 


Solution: 
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Problem # 20 


12-142. A particle is moving along a circular path having 
a 400-mm radius. Its position as a function of time is given 
by 0 = (21°) rad, where t is in seconds. Determine the 
magnitude of the particle's acceleration when 0 = 30°. The 
particle starts from rest when 6 = 0°. 


Solution: 
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Problem # 21 


12-147. The slotted link is pinned at O, and as a result of the 
constant angular velocity @ = 3 rad/s it drives the peg P for a 
short distance along the spiral guide r = (0.40) m, where 0 is 
in radians. Determine the radial and transverse components of 
the velocity and acceleration of P at the instant 6 = 77/3 rad. 


Solution: 
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Problem # 22 


32-184. A cameraman standing at A is following the 
"movement of a race car, B, which is traveling along à 


` straight track at a.constant speed of 24 m/s. Determine the 
angular rate at which he must turn in order to keep the 
‘Camera directed on the car at the instant 0 = 60°. 


vg = 24 m/s 
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Problem # 23 


12-161. The searchlight on the boat anchored 600 m from 
shore is turned on the automobile, which is traveling along 
the straight road at a constant speed of 24 m/s. Determine 
the angular rate of rotation of the light when the 
automobile is م‎ = 900 m from the boat. 


Problem # 24 


12-162. If the boat in Prob. 12-161 is accelerating at 4.5 m [$ 
at the instant r = 900 m, determine the required angular 
acceleration 6 of the light at this instant. 
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Note: Problem # 23 is similar to Problem # 22 


Solution: 
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Problem # 25 


c cable at A is pulled down with à 


12-173. lf the end of th 
speed of 2 m/s, determine the speed at which block B rises. 


Solution: 
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Problem # 26 


12-181, If block A is moving downward with a speed of 
1.2 m/s while C is moving up at 0.6 m/s, determine the 
speed of block B. 


Solution: 
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Problem # 27 


12-195. The motion of the collar at A is controlled by a 
motor at B such that when the collar is ats, = 0.9 m itis 
moving upwards at 0.6 m/s and slowing down at 0.3 m Js. 
Determine the velocity and acceleration of the cable as it is 
drawn into the motor B at this instant. 


Solution: 
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Problem # 28 


12-198. At the instant shown, cars A and B are traveling 
at speeds of 48 km/h and 32 km /h, respectively. If B is 
increasing its speed by 1920 km/h”, while A maintams à 
constant speed, determine the velocity and acceleration of 
B with respect to A. 


Solution: 
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Problem # 29 


12-200. Two boats leave the shore at the same time 
and travel in the directions shown. If v4 = 6 m/s and 
“vp = 4.5 m/s, determine the speed of boat A with respect to 


D B. How PUE after leaving the shore will the boats be 
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13-2. 


The crane lifts a bin of mass M with an initial acceleration a. 
Determine the force in each of the supporting cables due to 
this motion. 


Given: 
M = 700 kg b=3 
m 
a=3— c=4 
2 
5 
kN = 10° N 
Solution: 


Me 


Ma 


13-6. 


If P = 400 N and the coefficient of kinetic friction between 
the 50-kg crate and the inclined plane is u, = 0.25, 
determine the velocity of the crate after it travels 6 m up the 
plane. The crate starts from rest. 


SOLUTION 


Free-Body Diagram: Here, the kinetic friction Fy = uN = 0.25N is required to be 
directed down the plane to oppose the motion of the crate which is assumed to be 
directed up the plane. The acceleration a of the crate is also assumed to be directed 
up the plane, Fig. a. 


Equations of Motion: Here, a, = 0.Thus, 


EF, = may; N + 400 sin 30° — 50(9.81) cos 30° = 50(0) 
N = 224.79N 
Using the result of N, 
ZF, = may; 400 cos 30° — 50(9.81) sin 30° — 0.25(224.79) = 50a 


a = 0.8993 m/s? 


Kinematics: Since the acceleration a of the crate is constant, 


2 = vy? + 2a(s — So) 


e 
ll 


v? = 0 + 2(0.8993)(6 — 0) 


v = 329 Ans 


13-7. 


If the 50-kg crate starts from rest and travels a distance of 6m 
up the plane in 4 s, determine the magnitude of force P acting 
on the crate. The coefficient of kinetic friction between the 
crate and the ground is u, = 0.25. 


SOLUTION 


Kinematics: Here, the acceleration a of the crate will be determined first since its 
motion is known. 


Sad a 
دس‎ Vv = 
S — So 0 2 dc 
1 دي‎ 
6=0+ 0+ 27004 ) 
a = 0.75 m/s? 
Free-Body Diagram: Here, the kinetic friction Fy = uN = 0.25N is required to be 
directed down the plane to oppose the motion of the crate which is directed up the 
plane, Fig. a. 
Equations of Motion: Here, a, = 0.Thus, 
EF, = may; N + Psin30° — 50(9.81) cos 30° = 50(0) 
N = 424.79 — 0.5P 
Using the results of N and a, 


EF, = may; P cos 30° — 0.25(424.79 — 0.5P) — 50(9.81) sin 30° = 50(0.75) 


PN 5 


13-9, 


The crate has a mass of 80 kg and is being towed by a chain 
which is always directed at 20° from the horizontal as 
shown. If the magnitude of P is increased until the crate 
begins to slide, determine the crate’s initial acceleration if 
the coefficient of static friction is 4,—0.5 and the 
coefficient of kinetic friction is u, = 0.3. 


SOLUTION 


Equations of Equilibrium: If the crate is on the verge of slipping, Fy = u, N = 0.5N. 
From FBD(a), 


+T=F,=0; N+ Psin20° — 80(9.81) = 0 (D 
-XF.—-0; Pcos20° —05N =0 (2) 
Solving Eqs.(1) and (2) yields 

P = 353.29 N N = 663.97 N 


Equations of Motion: The friction force developed between the crate and its 
contacting surface is Fy = uN = 0.3N since the crate is moving. From FBD(b), 


+T3F,= may; N — 80(9.81) + 353.29 sin 20° = 80(0) 
N = 663.97N 


SF, = ma,; 353.29 cos 20° — 0.3(663.97) = 80a‏ جك 


a= Mom] 5 


£0(98) N 


8009) 


a 
— 


13-10. 


The crate has a mass of 80 kg and is being towed by a chain 
which is always directed at 20° from the horizontal as 
shown. Determine the crate's acceleration in t = 2s if the 
coefficient of static friction is 44, — 0.4, the coefficient of 
kinetic friction is عم‎ 03, and the towing force is 
P = (9082) N, where t is in seconds. 


SOLUTION 
Equations of Equilibrium: Att = 2s, P = 90(2?) = 360 N. From FBD(a) 


+12, =0; N -360sin20?— 80(.81) = 0 N = 66167 N 


+ SF, = 0; 360 cos 20° — Fp =0 Fp = 338.29 N 
Since Fy > (Ff)max = MsN = 0.4(661.67) = 264.67 N, the crate accelerates. 


Equations of Motion: The friction force developed between the crate and its 
contacting surface is Fy = uN = 0.3N since the crate is moving. From FBD(b), 


+1 ZF, = ma,; N — 80(9.81) + 360 sin 20° = 80(0) 
N = 661.67N 


3 YF, =ma,; 360 cos 20° — 0.3(661.67) = 80a 


DEI Ans 


13-12. 


The elevator E has a mass My and the counterweight at 
A has a mass M4. If the elevator attains a speed v after 


it rises a distance h, determine the constant force 
developed in the cable at B. Neglect the mass of the 
pulleys and cable. 


Units Used: 
3 T T, F 
kN = 10 N 
Given: 
Mg = 500 kg A E 
M4 = 150 kg 
y= 10 m Mag Mpg 
5 
h= 40m 
Solution: 
Guesses T=1kN F =1 kN a=15 
5 
Given T- M4g = -M4a ۲ + 7 - Mpg = Mga v^ = 2ah 


T | = Find(F,T,a) a= 12507 T-128kN FERDAN Ans. 


5 


0 


13-16. 


Each of the two blocks has a 
mass m. The coefficient of 
kinetic friction at all surfaces 


of contact is2. If a horizontal 


force P moves the bottom 
block, determine the 
acceleration of the bottom 
block in each case. 


Solution: 
(a) Block A : 


+ 
لي‎ IF, = ma; 


(b) 


Block A : 


+ 
لهي‎ SF = ma; 


Block B : 


+ 
2-۸ له 


Solving simultaenously 


۳ 


P — 6umg = ۸ 


-sue c‏ که 


Sp-S4-L 


a4 = 8 
P-T-6umg = ma A 


2umg - T = mag 


-ue d‏ ره 


(h) 
mg 
mg E A 2umg 
T P 
2umg Aumg 
2mg 
Sp 
كم‎ 


Sa 
mg mg 
2umg 
T 
2umg P 1 
4umg 
mg 
" 2mg 


13-17. 


Determine the normal force the crate A of mass ۸۸ exerts on the smooth cart if the cart is 
given an acceleration a down the plane. Also, what is the acceleration of the crate? 


Given: 
M = 10 kg 
m 
a=2— 
2 
5 
0 = 30 deg 
Solution: 


N- Mg = -M(a)sin( 6) 


N = Mg - (a)sin(6)] 
WEIN] Am Me 


Acrate = (a) sin( 0 


13-18. 


Block A has mass m, and is attached to a spring having a stiffness k and unstretched length /,. 


If another block B, having mass mg is pressed against A so that the spring deforms a distance d, 


determine the distance both blocks slide on the smooth surface before they begin to separate. 


What is their velocity at this instant? 


Solution: 
Block A: —k(x - d) - N = m4a4 
Block B: N-mpapg 


Since ay = ag = a, 


a-i E ع‎ 


171۸ + mB ma + mB 


Separation occurs when 


N=0 or x=d 


mpg) 


Np 


13-19. 


Block A has a mass m, and is attached to a spring having a stiffness k and unstretched length 
lọ, If another block B, having a mass mg is pressed against A so that the spring deforms a 
distance d, show that for separation to occur it is necesary that d > 244,g(m4+mp)/k, where 44 


is the coefficient of kinetic friction between the blocks and the ground. Also, what is the 
distance the blocks slide on the surface before they separate? 


Solution: Block A : 


-k(x - d) - N - uym4g = mga, 


Block B: N — ۸۳8 = ۵ 


Since وه = ره‎ = a 


k(d — x) 
a= o—— — — ukg 
771۸ + MB lo 
kmp(d — x) 
N= 
171۸ + MB 


N=0, then x = d for separation. my) 


At the moment of separation : 


N 
v d d 
= mpg 
| —— ۴ x) dx- se| d Hy mpg 
0 mA + mB 
9 mpg) 
kd - 2uyg(m4 + mp)d 
=) eee 
mA + MB 
Require v > 0, so that 
2ukg 
kd - 2uyg(m4 + mp)d > 0 d> (m4 + mg) Q.E.D 


13-26. 


The 2-kg shaft CA passes through a smooth journal bearing 5 s + H s -| 

at B. Initially, the springs, which are coiled loosely around 

the shaft, are unstretched when no force is applied to the S 5 asaya F=5kN 
shaft. In this position s = s' = 250 mm and the shaft is at ۲ 

rest. If a horizontal force of F = 5 KN is applied, determine uu ۲ UY 


the speed of the shaft at the instant s = 50 mm, 
s’ = 450 mm. The ends of the springs are attached to the 
bearing at B and the caps at C and A. 


kcg = 3kN/m kag = 2kN/m 


SOLUTION 


For = kcpx — 3000x FAp ج‎ KABX = 2000x 


# SF, = ma,; 5000 — 3000x — 2000x = 2a 
2500 — 2500x = a 


adx — vdv 


0.2 v 
n (2500 — 2500x) dx = n v do 
0 0 


x m 


2500(0.2) ( 2 > 


Ans.‏ مه 


F=5000N 


Eg=3000X Fig =ZOOOX. 


13-33. 


Each of the three plates has a mass of 10 kg. If the 
coefficients of static and kinetic friction at each surface of 
contact are u, = 0.3 and u, = 0.2, respectively, determine 
the acceleration of each plate when the three horizontal 
forces are applied. 


SOLUTION 
Plates B, C and D 


SSF, =0; 100—15-18- F-0 
F=67N 


F, 


max 


= 0.3(294.3) = 88.3 N > 67 N 


Plate B will not slip. 


Plates D and C 
SYF.=0; 100-18-F=0 
F = 82N 


F, 


max 


= 0.3(196.2) = 58.86 N < 82N 
Slipping between B and C. 
Assume no slipping between D and C, 
حك‎ SF, = ma, 100 - 3924 — 18 = 20a, 
a, = 2.138 m/s? > 
Check slipping between D and C. 
55F,=ma; F — 18 = 10(2.138) 
F = 39.38N 
Fmax = 0.3(98.1) = 29.43 N < 39.38 N 


Slipping between D and C. 
Plate C: 


BSF, = maj 100 — 39.24 - 19.62 = 10a, 


Plate D: 


SYR mas 19.62 - 18 = 10ap 


ISN 


309.84 


Ans. 


200480 


IBN <4 
c loon 


20(1.£9N 
SN سه‎ ۱ ] 
= —> 4 
* f 0.2(196.2) = 30.2۸1 


6.2N 


100161 


9.4 
X. 0.2(46.1) = 19.62N 


39.2 uo 
Ans. 19.21 


Ans. C 14.62N 


13-40. 


The engine of the van produces a constant driving traction 
force F at the wheels as it ascends the slope at a constant 
velocity v. Determine the acceleration of the van when it 
passes point A and begins to travel on a level road, provided 
that it maintains the same traction force. 


SOLUTION 


Free-Body Diagram: The free-body diagrams of the van up the slope and on the 
level road are shown in Figs. a and b, respectively. 


Equations of Motion: Since the van is travelling up the slope with a constant 
velocity, its acceleration is a = 0. By referring to Fig. a, 


DF, = may; F — mgsin0 = m(0) 
F — mgsin0 
Since the van maintains the same tractive force F when it is on level road, from Fig. b, 


5 ZF, = May; mg sin 0 = ma 


13-42. 


The 2-kg collar C is free to slide along the smooth shaft AB. 
Determine the acceleration of collar C if collar A is 
subjected to an upward acceleration of 4 m/s”. 


SOLUTION 


+ SF, = may; 


+1 SF, = may; 


N sin 45° = 2acjag sin 45° 

N = 2 مده‎ 

N cos45? — 19.62 = 2(4) — 2acjag cos 45° 
ücjAp = 9.76514 

ac = aag + acjAB 

(ac), = 0 + 9.76514 sin 45° = 6.905 — 


(ac), = 4 — 9.76514 cos45° = 2.905} 


Ans. 


Ans. 


19.62 N 


Nc 


2(4 


A 
/ 


266 


13-55. 


The 5-kg collar A is sliding around a smooth vertical guide 
rod. At the instant shown, the speed of the collar is 
v = 4 m/s, which is increasing at 3 m/s?. Determine the 
normal reaction of the guide rod on the collar, and force P 


at this instant. 


SOLUTION 
+5 YF, = mar; 
+] SF, = ma, 


P cos 30° = 5(3) 


N + 5(9.81) — 17.32 sin 30° = ( 


N = 119.61 N =120N) -— 


42 


0.5 


) 


Ans. N 


217 


Ans. 


5(9.8))N 


13-62. 


The box of mass M has a speed v, when it is at A on the smooth ramp. If the surface is in 
the shape of a parabola, determine the normal force on the box at the instant x = x,. Also, 
what is the rate of increase in its speed at this instant? 


Given: y 
M=35kg a-4m 
m 1 1 
vy 22 — == = 
5 9m 
xj = 3m 
لا سم‎ = 6 - bx 
Solution: 
y(x) =a- و‎ 
y'(x) = -2bx 
y"(x) = 7 
3 
2 
1 + y'(x) 
وم‎ = Morro) 


y"(x) 


O(x) = atan(y'(x)) 


Find the velocity 
v= w + 2g(y(0 m) - y(x7)) v= 4.859 = 
Guesses Fy =1N yz] E 
E E 
Given Fy- Mgcos( (x7) = : -Mg sin( 6(x,)) = ۲ 
رسام‎ 


F 
| j 1 تن‎ " d d = 
y! 


13-68. 


The 0.8-Mg car travels over the hill having the shape of a 
parabola. If the driver maintains a constant speed of 9 m/s, 
determine both the resultant normal force and the 
resultant frictional force that all the wheels of the car exert 
on the road at the instant it reaches point A. Neglect the 
size of the car. 


SOLUTION 
dy dy ۱ 
Geometry: Here, ae —0.00625x and Ae —0.00625. The slope angle 6 at point 
x x 
A is given by 
dy 
tan 0 = — = —0.00625(80) 0 = —26.57° 


dx |x-80m 


and the radius of curvature at point A is 


_ [1 + (dy/dxy [i (-0.00625x) ^? 


= 223.61m 
Id^y/dx?| [0.00625] x=80 m 


Equations of Motion: Here, a, = 0. Applying Eq. 13-8 with 0 = 26.57° and 
p = 223.61 m, we have 


SF, = ma; 800(9.81) sin 26.57° — F; = 800(0) 
Fy = 3509.73N = 351KN Ans. 


92 
800(9.81) cos 26.57° = 800 
Ces N (sa) 


N = 6729.67N = 6731 / Ans. 


13-69. 


The 0.8-Mg car travels over the hill having the shape of a y 
parabola. When the car is at point A, it is traveling at 9 m/s 
and increasing its speed at 3 m/s?. Determine both the 
resultant normal force and the resultant frictional force that 
all the wheels of the car exert on the road at this instant. y-20(- 
Neglect the size of the car. Fn 


SOLUTION ۹ 


d a 
Geometry: Here, m — —0.00625x and a = —0.00625. The slope angle 0 at point 
x x 


A is given by 


d 
tan 0 = 42 = —0.00625(80) 0 = —26.57° 
dX |x-80m 


and the radius of curvature at point A is 


[1 + (dy/dxP P? — [1 + (—0.00625x P? 


= 223.61 m 
Id? تدك‎ |—0.00625| 


x=80m 


Equation of Motion: Applying Eq. 13-8 with 6 = 26.57° and p = 223.61 m, we have 


DF, = ma; 800(9.81) sin 26.57° - F; = 800(3) 
F; = 1109.73N =111kN — Ans. 
92 
SF, = may; 800(9.81) cos 26.57° — N = soo( ai 


N = 6729.67N =673kKN Ans. 


13-70. 


The wrecking ball of mass M is suspended from the crane by a cable having a negligible mass. 
If the ball has speed v at the instant it is at its lowest point @ determine the tension in the cable 
at this instant. Also, determine the angle © to which the ball swings before it stops. 


Units Used: 
3 
kN = 10 N 
NWW 
Given: 
M = 600 kg T 
m 
v= 8 بت‎ 
5 
Meg 
r=12m 
= 981 Z 
5 = ۰ 2 
5 
Solution: 


At the lowest point 


2 

y 
raga "| 

۳ 


At some arbitrary angle 


—Mgsin( 0) = Ma; 


Vv 
0 = acos| 1 - —— 
2 2rg 


2 
ae rg(cos( 0) - 1) 


V vir 7 
A 


Mg 


Ans. 


13-71. 


If the ball has a mass of 30 kg and a speed v = 4 m/s at the 
instant it is at its lowest point, 0 = 0°, determine the tension 
in the cord at this instant. Also, determine the angle 0 to 
which the ball swings and momentarily stops. Neglect the 
size of the ball. 


SOLUTION 


+187, = ma, T — 30(9.81) = (€) 


+2], = ma; —30(9.81) sin 0 = 30a, 
: n, 
a, = —9.81 sin 0 N 
a, ds = v dv Since ds = 4 d0,then T. 
0 0 at 
-on | sin 0(4 d0) = f v dv AT t 
0 4 


[9.81(4)cos 0 = 2 (4)? 


e 
3924(cos 0 — 1) = —8 


emm An am 


tl a 
| 
t 


3009-BI) N 


13-72. 


The ball has a mass of 30 kg and a speed v = 4 m/s at the 
instant it is at its lowest point, 0 = 0°. Determine the tension 
in the cord and the rate at which the ball’s speed is decreasing 
at the instant 6 = 20°. Neglect the size of the ball. 


SOLUTION 
ركد‎ = ma; T — 30(9.81) cos 0 = (1) 


+7ZF,= ma;  —30(9.81) sin 0 = 30a, 


a, = —9.81 sin 0 


a; ds = v dv Since ds = 4 d0, then 


0 v 
]و‎ sin 0 (4 d0) = f vdv 
0 4 


9.81(4) cos 0| = 5 y = - (4)? 


0 
0 

1 2 
39.24(cos 0 — 1) + 8 = 2" 


At 6 = 20° 


v = 3.357 m/s 


Ans. 


13-80. 


A 5-Mg airplane is flying at a constant speed of 
350 km/h along a horizontal circular path of radius 
r = 3000m. Determine the uplift force L acting on the 
airplane and the banking angle 0. Neglect the size of the 
airplane. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the airplane is shown in Fig. (a). 
Here, a, must be directed towards the center of curvature (positive n axis). 


k 1000 1h 
Equations of Motion: The speed of the airplane is v = (s J JI 


h 1 km 3600 s 
2. v 97.22? 5 ۱ ۱ 
= 97.22 m/s. Realizing that a, = — = 3000 ^ 3.151 m/s” and referring to Fig. (a), 
p 
+1 0: T cos 8 — 5000(9.81) = 0 (1) 
€F, = may T sin 0 = 5000(3.151) (2) 


Solving Eqs. (1) and (2) yields 


0 — 17.8? T = 51517.75 -515kN — Ans. 


13-81. 


A 5-Mg airplane is flying at a constant speed of 
350 km/h along a horizontal circular path. If the banking 
angle 0 = 15°, determine the uplift force L acting on the 
airplane and the radius r of the circular path. Neglect the 
size of the airplane. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the airplane is shown in Fig. (a). 


Here, a, must be directed towards the center of curvature (positive n axis). 


k 1000 1h 
Equations of Motion: The speed of the airplane is v = (ss ™)( ™)( ) 


h 1 km 3600 s 
T yo 97.22 
= 97.22 m/s. Realizing that a, = — = ——— and referring to Fig. (a), 
p r 
+1 SF, = 0; L cos 15° — 5000(9.81) = 0 


L = 50780.30 N = 508101 — Ans. 


722? 
c SF, = ma, 50780.30 sin 15? — sw? 
r 


r = 3595.92 m = 3.60km — Ans. 


—- 


۱ 2? 50006 98 DN 


ر2 


13-91. The 0.75-kg smooth can is guided along the 
circular path using the arm guide. If the arm has an 
angular velocity 0 = 2 rad/s and an angular acceleration 
0 = 0.4 rad/s” at the instant 0 = 30°, determine the force of 
the guide on the can. Motion occurs in the horizontal plane. 


cos موودو|0‎ = 0.8660 m 


ll 


—sin 6|, = —1.00 m/s 


35 
ll 


Sy 
ll 


—(cos 06? + sin 06) 0-0 = —3.664 m/s 


Using the above time derivative, we obtain 


a, = Y — r = —3.664 — 0.8660(2?) = —7.128 m/s? 
a, = r6 + 2;0 = 0.8660(4) + 2(-1)(2) = —0.5359 m/s? 
Equations of Motion: By referring to Fig. (a), 


SF, = ma; -N cos 30° = 0.75(—7.128) N = 5346N 


EF,- mag F - 5.346 sin 30° = 0.75(-0.535)) — 2 


Ans. 


2 


0.5 m 


0.5 m 


13-92. 


Using a forked rod, a smooth cylinder C having a mass of 
0.5 kg is forced to move along the vertical slotted path 
r = (0.50) m, where @ is in radians. If the angular position 
of the arm is 0 = )0.5/2( rad, where t is in seconds, 
determine the force of the rod on the cylinder and the 
normal force of the slot on the cylinder at the instant 
t = 2s. The cylinder is in contact with only one edge of the 
rod and slot at any instant. 


SOLUTION 


r — 0.50 r-050 7= 60 


ll 


l 
- 
Sm: 

ll 
= 


06-05? 0= 
At t = 2s, 


0 = 2rad = 114.59° 0 = 2 2 0 = 1 rad/s? 


r=1m r=1m/s y = 0.5 m/s 
r 0.5(2) 5 
tan y 2/00 05 y = 63.43 


a, = r — r£) = 05 - 1(2} = 5 


rô + 2۵ = 1(1) + 2(1)(2) = 5‏ = وه 


TNEF, = ma, Nc cos 26.57? — 4.905 cos 24.59? = 0.5(—3.5) 


Ans‏ قود متمد عير 


Fọ mag F — 3.030 sin 26.57° + 4.905 sin 24.59° = 0.5(5)‏ مد 


EE m 


مم 


13-102. 


Using a forked rod, a smooth cylinder P, having a mass of 
0.4 kg, is forced to move along the vertical slotted path 
r = (0.60) m, where ۵ is in radians. If the cylinder has a 
constant speed of vc — 2 m/s, determine the force of the 
rod and the normal force of the slot on the cylinder at the 
instant 0 = 7 rad. Assume the cylinder is in contact with 
only one edge of the rod and slot at any instant. Hint: To 
obtain the time derivatives necessary to compute the 
cylinder's acceleration components a, and ,وه‎ take the first 
and second time derivatives of r — 0.60. Then, for further 
information, use Eq. 12-26 to determine 0. Also, take the 
time derivative of Eq. 12-26, noting that óc = 0, to 
determine 0. 


SOLUTION 
r= 0.60 7-060 F= 0.66 
v, =} — 0.60 v9 = rð = 0.600 


2 
v=}? + (ro) 


2 2 
: f 2 
22 < (os) + (ooi) § —————— 
0.6V1 + 9 
TS 5 -— " 002 
0 = 0.7200 + 0.36| 200° + 20700 0= - z 
1+ 6 
At 0 rad 6 : 1.011 rad/s 
= 3 E مگ‎ 5 
0.67۷1 + a? 
n 1.011)? 
1 eX T = 02954 rad/s? 
tyr 


r = 0.6(7) =0.67m  ;-0.6(.011) = 0.6066 m/s 


m/s?‏ 0.1772— = )0.6(—0.2954 = نز 

a, = Y — 2 0.1772 — 0.67(1.011)? = —2.104 m/s 

rê + 270 = 0.67(—0.2954) + 2(0.6066)(1.011) = 0.6698 m/s?‏ = وه 

tan y = 7 = A — a y = 72.34? 

V YF, = ma;  -Ncos1766 —04(-2104 N = 088311 | Ans. 

+ EF = mag; —F + 0.4(9.81) + 0.883 sin 17.66? = 0.4(0.6698) 
LI Ans 


13-105. The forked rod is used to move the smooth 
1-kg particle around the horizontal path in the shape of a 
limaçon, r = 0.3(2 + cos 0) m. If at all times 0 = 0.5 rad/s, 
determine the force which the rod exerts on the particle at 
the instant 6 = 90°. The fork and path contact the particle 
on only one side. 


r = 0.3(2 + cos 0) 


—0.3 sin 60 


ll 


r 


—0.3 cos 00? — 0.3 sin 00 


ll 


y 
At @ = 905,0 = 0.5 rad/s, and 6 =0 
r = 0.3(2 + cos 90°) = 0.6m 


r = —0.3 sin 90°(0.5) = —0.15 m/s 


cos 90°(0.5)2 — 0.3 sin 90°(0) = 0‏ 0.3— = نز 


a, = Y — r& = 0 — 0.6(0.5)? = —0.15 m/s? 


r0 + 270 = 0.6(0) + 2(-0.15)(0.5) = —0.15 m/s?‏ = وه 


r |. 0.302 + cos @) 
dr/d0 —0.3 sin 0 0-90 


tan y = 2 y — —63.43? 


+1, = ma; —N cos 26.575 = 1(-0.15) N = 0.1677N 


SF, = mag; F — 0.1677 sin 26.57° = 1(-0.15) 


Ans. 


13-106. Solve Prob. 13-99 at the instant 0 = 60°. 


r = 0.3(2 + cos 0) 


—0.3 sin 6 


ll 


r 
7 = —0.3 cos 00? — 0.3 sin 0 


At0 = 60°, 0 = 0.5 rad/s, and ê = 0 


r = 0.302 + cos 60°) = 0.75 m 
7 = —0.3 sin 60°(0.5) = —0.1299 m/s 
نز‎ = —0.3 cos 60°(0.5)* — 0.3 sin 60°(0) = —0.0375 m/s? 


a, = Y - ۲۵2 = —0.0375 — 0.75(0.5)* = —0.225 m/s? 


rê + 20 = 0.75(0) + 2(-0.1299)(0.5) = —0.1299 m/s?‏ = وه 


r _ 0.302 + cos @) = 
dr/d0 —0.3 sin 0 90-60 


tan y = 2.88] ۷ = —70.89° 


-ZXF,- ma; —Ncos19.11° = (1(-0.225) N = 0.2381 N 


NSF, = mag; F — 0.2381 sin 19.11? = (1)(-0.1299) 


F = 00520 Ans 


13-107. The forked rod is used to move the smooth 
1-kg particle around the horizontal path in the shape of a 
limaçon, r = 0.3(2 + cos 0) m. If 0 = )0.5/2( rad, where t is in 
seconds, determine the force which the rod exerts on the 
particle at the instant t — 1 s. The fork and path contact the 
particle on only one side. 


~ 


= 0.3(2 + cos 0) 0 = 0.507 

r = —0.3 sin 00 دم‎ 1 

7 = —0.3 cos 00? — 0.3 sin 0 0 = 1 rad/s? 

Att = 15,0 = 05 rad,@ = 1 rad/s, and 6 = 1 rad/s? 
r = 0.3(2 + cos 0.5) = 0.8633 m 

į = —0.3 sin 0.5(1) = —0.1438 m/s? 


cos 0.5(1)* — 0.3 sin 0.5(1) = —0.4071 m/s?‏ 0.3— = نز 


a, = نز‎ — r£ = —04071 — 0.8633(1)? = —1.2704 m/s? 
وه‎ = ۲۵ + 20 = 0.8633(1) + 2(—0.1438)(1) = 0.5757 m/s? 


" r 0.3(2 + cos 0) 6.002 80.54? 
any = = = 76. cM 
v dr/d0 —0.3sinO  |o-osrad j 


+72 F, = ma, —N cos 9.46° = 1(—1.2704) N = 1.288N 


+\ DF) = may  - 1.288 sin 9.46° = 1(0.5757) 


0= 0.5 rac! = 26-65 1 


13-109. 


The smooth particle has a mass of 80g. It is attached to an 
elastic cord extending from O to P and due to the slotted 
arm guide moves along the horizontal circular path 
r = (0.8 sin 0) m. If the cord has a stiffness k = 30 N/m and 
an unstretched length of 0.25 m, determine the force of the 
guide on the particle when 0 = 60°. The guide has a constant 
angular velocity 0 = 5 rad/s. 


SOLUTION 
r = 0.8 sin 0 
į = 0.8 cos 00 


7 = —0.8 sin 0 (0) + 0.8 cos 06 
0-5, 8-20 


At0 = 60°, r = 0.6928 


7=2 
نز‎ = -17.321 
iJ Y 

a, = Y — r(0f. = —17.321 — 0.6928(5)? = —34.641 b 

E : wg KF 
وه‎ = r0 + 270 = 0 + 2(2)(5) = 0 13.204 
F, = ks; F, = 30(0.6928 — 0.25) = 13.284 N 
2+۴, = may, —13.284 + Npcos 30° = 0.08(—34.641) 


N+3F, = may F — Npsin30° = 0.08(20) 


FTN Ans. 


Np = 12.1 ۷ 


13-110. 


The smooth particle has a mass of 80 .ع‎ It is attached to an 
elastic cord extending from O to P and due to the slotted arm 
guide moves along the horizontal circular path r = (0.8 sin 0) 
m. If the cord has a stiffness k = 30 N/m and an unstretched 
length of 0.25 m, determine the force of the guide on the 
particle when 0 = 2 rad/s’, @ = 5 rad/s, and 0 = 60°. 


SOLUTION 
r = 0.8 sin 0 
i = 0.8 cos 00 


7 = —0.8 sin 0 (0)? + 0.8 cos 06 

cs qe 

At0 = 60°, r = 0.6928 
r=2 


7 = —16.521 


a, = Y — 7۵۴ = —16.521 — 0.6928(5) = —33.841 


21.386 = )2(2)(5 + )0.6925(2 = 270 + 0م = وه 
F, = ks; F, = 30(0.6928 — 0.25) = 13.284 N‏ 


7422, = ma; —13.284 + Np cos 30° = 0.08)-33.841( 


+5 F, = mag F — Np sin 30° = 0.08(21.386) 


Np = 122 N 


Ans. 


Problem # 1 


13-5. The crane lifts the 700-kg bin with an initial 
acceleration of 3 m/s*. Determine the force in each of the 
supporting cables due to this motion. 


Prob. 13-5 


Solution: 
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Problem # 2 


13-14. Each of the two blocks has a mass m. The 
coefficient of kinetic friction at all surfaces of contact is u. If 
a horizontal force P moves the bottom block, determine the 
acceleration of the bottom block in each case. 


Prob. 13-14 (5) 


Solution: 
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Problem # 3 


13~15. The driver attempts to tow the crate using a rope 
that has a tensile strength of 1 KN. If the crate is originally at 
rest and has a weight of 2.5 kN (= 250 kg), determine the 
greatest acceleration it can have if the coefficient of static 
friction between the crate and the road is u, = 0.4, and the 
coefficient of kinetic friction is u, = 0.3. 


Prob. 13-15 


Solution: 
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Problem # 4 


13-22. Ata given instant the 25-N (= 2.5 kg) weight A is 
moving downward with a speed of 1 m/s. Determine its 
speed 2 s later. Block B has a weight of 30 N (^ 3 kg), and 
the coefficient of kinetic friction between it and tbe 
` horizontal plane is x, = 0.3. Neglect the mass of the pulleys 


-and cord. 


Solution: 


Prob. 13-22 
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Problem #5 


13-37. The conveyor belt is moving at 4 m/s. If the 
coefficient of static friction between the conveyor and 
the 10-kg package B is As = 02, determine the shortest 
time the belt can stop so that the package does not slide on 
the belt. l 


Prob. 13-37 


Solution: 
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Problem # 6 


13-49. Block A has a mass m a and is attached to a spring 
having a stiffness k and unstretched length lọ. If another 
block B, having 2 mass ۰ is pressed against A SO that the 
spring deforms a distance d, determine the distance both 
plocks slide on the smooth surface before they begin to 
separate. What is their velocity at this instant? 


MT 
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Problem # 7 


13-57. The 600-kg wrecking ball is suspended from the 
crane by a cable having a negligible mass. If the bali has a 
speed v = 8 m/s at the instant it is at its lowest point, Û = 0°, 
determine the tension in the cable at this instant. Also, 
determine the angle 8 to which the bail swings before it stops. 


Solution: 


w bOO s UO t eae oo . 
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Problem # 8 


13-63. If the crest of the hill has a radius of curvature p= 
100 m, determine the maximum constant speed at which the 
car can travel over it without leaving the surface of the 
road. Neglect the size of the car in the calculation. The cay 
has a weight of 17.5 kN (= 1750 kg). 


Solution: 
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Problem # 9 


13-75. The rotational speed of the disk is controlled by a 
30-2 smooth contact arm AB which is spring-mounted on 
the disk. When the disk is at rest, the center of mass G of the 
arm is located 150 mm from the center O, and the preset 
compression in the spring is 20 mm. If the initial gap 
between B and the contact at C is 10 mm, determine the 
(controlling) speed vg of the arm’s mass center, G, which 
will close the gap. The disk rotates in the horizontal plane. 
The spring has a stiffness of k = 50 N/m, and its ends are 
attached to the contact arm at D and to the disk at E. 
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Problem # 10 


13-90. The 5-N (= 0.5-kg) particle is guided along the 
‘circular path using the slotted arm guide. If the arm has an 
angular ruo û = 4 rad/s and an angular acceleration 
5ه‎ 8 rad/s? at the instant @ = 30°, determine the force of 
the guide on the particle. Motion occurs in the horizontal 


Solution: 
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Problem # 11 


13-91. The particle has a mass of 0.5 kg and is confined to 
move along the smooth horizontal slot due to the rotation 
of the arm OA. Determine the force of the rod on the 
particle and the normal force of the slot on the particle 
when @ = 30°. The rod is rotating with a constant angular 
velocity ق‎ = 2 rad/s. Assume the particle contacts only one 
side of the slot at any instant. 
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Problem # 12 


13-97. The smooth particie has a mass of 80 g His 
attached to an elastic cord extending from 0 to P and due ۰ 
to the slotted arm guide moves along the horizontal circular 
path ع‎ = (0.8 sin 0) m. if the cord has a stiffness 
k = 30 N/m and an unstretched length of 0.25 m, determine 
the force of the guide on the particle when 0 = 60^. The 
guide has a constant angular velocity 0 = 5 rad/s. 
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14-3. 


The crate, which has a mass of 100 kg, is subjected to the 
action of the two forces. If it is originally at rest, determine 
the distance it slides in order to attain a speed of 6 m/s. The 
coefficient of kinetic friction between the crate and the 
surface is ju, = 0.2. 


SOLUTION 


Equations of Motion: Since the crate slides, the friction force developed between 
the crate and its contact surface is Fy = u, N = 0.2N. Applying Eq. 13-7, we have 


3 
+Î2F, = ma; N+ 1000( 2) — 800 sin 30° — 100(9.81) = 100(0) 


N = 781N 


Principle of Work and Energy: The horizontal components of force 800 N and 
1000 N which act in the direction of displacement do positive work, whereas the 
friction force ۲۶ = 0.2(781) = 156.2N does negative work since it acts in the 
opposite direction to that of displacement. The normal reaction N, the vertical 
component of 800 N and 1000 N force and the weight of the crate do not displace, 
hence they do no work. Since the crate is originally at rest, 7, = 0. Applying 
Eq. 14-7, we have 


11 + X Ui = T> 


4 1 
0 + 800 cos 30*(s) 4 1000( js 156.25 = 5 (100)(6") 


800 N 
30° 


/00(9.81) N 


14-4. 


The 2-kg block is subjected to a force having a constant F 
direction and a magnitude F = (300/(1 + s)) N, where s is تم‎ 130 
in meters. When s = 4m, the block is moving to the left f 
with a speed of 8 m/s. Determine its speed when s = 12 m. 

The coefficient of kinetic friction between the block and the 0 

ground is u, = 0.25. 


SOLUTION 
150 
+12 ر‎ =0; Ng = 2(9.81) + um 
280۳ 300 
T, + 2 = T. - 5 
1 1-2 2 Zoo itS 
1 " * 150 | i m) - 
5 (8) - 0.25[2(9.81)(12 — 4)] - 0.25 n 1:07 f Tag) 49 cos 30° = 5(2)(2) 7 0.25Ng 
Ne 
1 + 2 1 + 2 
= 24.76 — 37. + : 
v3 = 24.76 ssn( 132) 25081 n( 122) 


14-10. 


The 2-Mg car has a velocity of رن‎ = 100km/h when the 
driver sees an obstacle in front of the car. If it takes 0.75 s for 
him to react and lock the brakes, causing the car to skid, 
determine the distance the car travels before it stops. The 


v = 100 km/h 


coefficient of kinetic friction between the tires and the road 
is Mk = 0.25 : 


SOLUTION 


Free-Body Diagram: The normal reaction N on the car can be determined by 
writing the equation of motion along the y axis. By referring to the free-body 
diagram of the car, Fig. a, 


+] = may; N — 2000(9.81) = 2000(0) N = 19620N 


Since the car skids, the frictional force acting on the car is 
Fg = uN = 0.25(19620) = 4905N. 


Principle of Work and Energy: By referring to Fig. a, notice that only Fy does work, 


1h 
which is negative. The initial speed of the car is v4 = KD 2) ره‎ = 


27.78 m/s. Here, the skidding distance of the car is denoted as s’. 
11 + EU, = T> 
1 2 D 
z (2000)(27.78 ) + (—4905s') = 0 
s' = 157.31 m 


The distance traveled by the car during the reaction time is 
s" = vit = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car 
before it stops is 


s= او‎ + s" = 157.31 + 2083 = 178.14 m = 178m Ans. 


14-11. 


The 2-Mg car has a velocity of ره‎ = 100km/h when the v; = 100 km/h 
driver sees an obstacle in front of the car. It takes 0.75 s for ڪڪ‎ 
him to react and lock the brakes, causing the car to skid. If 
the car stops when it has traveled a distance of 175 m, 
determine the coefficient of kinetic friction between the 
tires and the road. 


SOLUTION 


Free-Body Diagram: The normal reaction N on the car can be determined by 
writing the equation of motion along the y axis and referring to the free-body 
diagram of the car, Fig. a, 


+1 IF, = may; N — 2000(9.81) = 2000(0) N = 19620N 


Since the car skids, the frictional force acting on the car can be computed from 
Fr = HN = ۳19 620). 


Principle of Work and Energy: By referring to Fig. a, notice that only F; does work, 


1h 
which is negative. The initial speed of the car is v = KD zs a) = 


27.78 m/s. Here, the skidding distance of the car is ۰ 
11 + ولاه‎ m T5 
1 
5 (2000)(27.78") + [-44(19 620)s’] = 0 


_ 39.327 
Mk 
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The distance traveled by the car during the reaction time is 
s" = vit = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car 
before it stops is 


s=s' +s" 
175 = gad + 20.83 
Mk 


14-14. 


If the cord is subjected to a constant force of F = 300N 
and the 15-kg smooth collar starts from rest at A, determine 
the velocity of the collar when it reaches point B. Neglect 
the size of the pulley. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the collar and cord system at an 
arbitrary position is shown in Fig. a. 


Principle of Work and Energy: Referring to Fig. a, only N does no work since it 
always acts perpendicular to the motion. When the collar moves from position A to 
position B, W displaces vertically upward a distance A = (0.3 + 0.2) m = 0.5 m, 
while force F displaces a distance of s= AC — BC = V0.7 + 0.4 


V0.2? + 0.2? = 0.5234 m. Here, the work of F is positive, whereas W does 
negative work. 


TA + XU وع-م‎ = TB 
0 + 300(0.5234) + [-15(9.81)(0.5)] = asw 


m/s = 3.34 m/s Ans.‏ 3.335 = وا 


W= Ix(480N F=300N 


ره 


14-15. 


Determine the required height / of the roller coaster so that when it is essentially at rest at 
the crest of the hill it will reach a speed v when it comes to the bottom. Also, what should 
be the minimum radius of curvature م‎ for the track at 8 so that the passengers do not 
experience a normal force greater than kmg? Neglect the size of the car and passengers. 


Given: 


100 — 


=< 
Il 


k=4 
Solution: 


Tı+ Up= T, 


1 
mgh = —mv 
5 - و‎ 


mg 


14-16. 


The “flying car” is a ride at an amusement park which consists of a car having wheels that 
roll along a track mounted inside a rotating drum. By design the car cannot fall off the 
track, however motion of the car is developed by applying the car’s brake, thereby 
gripping the car to the track and allowing it to move with a constant speed of the track, v,. 


If the rider applies the brake when going from B to A and then releases it at the top of the 
drum, A, so that the car coasts freely down along the track to B (0— 7 rad),determine the 
speed of the car at B and the normal reaction which the drum exerts on the car at B. 
Neglect friction during the motion from A to B. The rider and car have a total mass M and 
the center of mass of the car and rider moves along a circular path having a radius r. 


Units Used: 
3 
kN = 10 N 
Given: 
M = 250 kg 
r=8m 
m 
Vt = 3 = 
5 
Solution: 


1 2 1 2 
a + Mg2r = 5 


VB = Je +4gr 


Mg 5 
Np $ Mvgr) 
N جه‎ 0 
Ans, ر‎ 3 k i = Ors 


1448. 


The block has a mass M and moves within the smooth vertical slot. If it starts from rest 
when the attached spring is in the unstretched position at A, determine the constant vertical 
force F which must be applied to the cord so that the block attains a speed vz when it 


reaches sp. Neglect the size and mass of the pulley. Hint: The work of F can be 
determined by finding the difference A/ in cord lengths AC and BC and using Ur = F Al. 


Given: E b 
M = 0.8 kg l = 0.4 m 1 
Bare b = 0.3 m 
5 N 
sp = 0.15 m كناكم‎ 
Solution: 


Given 


1 1 
FAI — Mgsp- Show = Mv 


F=Find(F) F=439N Ans 


14-24. 


The 0.5-kg ball is fired up the smooth vertical circular track 
using the spring plunger. The plunger keeps the spring 
compressed 0.08 m when s — 0. Determine how far s it must 
be pulled back and released so that the ball will begin to 
leave the track when 0 — 135*. 


SOLUTION 


Equations of Motion: 


- ۱ o UJ X s 242 
ZF, = map; 0.5(9.81) cos 45 0.5 15 vg = 10.41 5 


Principle of Work and Energy: Here, the weight of the ball is being displaced 
vertically by s = 1.5 + 1.5 sin 45° = 2.561 m and so it does negative work. The 
spring force, given by F4, = 500(s + 0.08), does positive work. Since the ball is at 
rest initially, T; = 0. Applying Eq. 14-7, we have 


TA F XU, = Tp 


0+ / soos + 0.08) ds — 0.5(9.81)(2.561) = 5 (0500041) 
0 


s = 0.1789 m -179mm . Ans. 


k = 500 N/m 


t 0 5(98)N 


N 454 = 
ay 

A 

A. 


14-35. 


The collar has a mass of 20 kg and is supported on the 
smooth rod. The attached springs are undeformed when 
d — 0.5 m. Determine the speed of the collar after the 
applied force F = 100 N causes it to be displaced so that 
d = 0.3 m. When d = 0.5 m the collar is at rest. 


SOLUTION 
T; + XU, =T, 


1 
0 + 100 sin 60°(0.5 — 0.3) + 196.2(0.5 — 0.3) - 5 (15)(0.5 - 0.3)? 


- 5 (25)(05 - 0.3) = 200۳ 196.2 N 


ve = 236 m/s Ans. 


14-39. 


The 8-kg cylinder A and 3-kg cylinder B are released from 
rest. Determine the speed of A after it has moved 2 m 
starting from rest. Neglect the mass of the cord and pulleys. 


SOLUTION 


Kinematics: Express the length of cord in terms of position coordinates s4 and sg by 
referring to Fig. a 


sp=l (1)‏ + م25 
Thus‏ 
)2( 0 = ودود + 2As,‏ 


If we assume that cylinder A is moving downward through a distance of As, = 2 m, 
Eq. (2) gives 


(+1) 2(2) + Asp = 0 Asg = -Am = 4m 
Taking the time derivative of Eq. (1), 
(+1) 20+ وه‎ = 0 (3) 
EI, EU, = DT» 
1 2,1 2 
0 + 8(2)9.81 - 3(4)9.81 = 5(8)v¢ + zG)vg 


Positive net work on left means assumption of A moving down is correct. Since 
وا‎ = 20 


m Ans 


vg = —3.96 m/s = 3.96 m/s Î 


14-40. 


Cylinder A has a mass of 3 kg and cylinder B has a mass of 
8 kg. Determine the speed of A after it moves upwards 2 m 
starting from rest. Neglect the mass of the cord and pulleys. 


SOLUTION 
Sint Ses YT» 


0 + 2[F, — 3(9.81)] + 4[8(9.81) — زوم‎ > (7 O 


Also, vg = 2v4, and because the pulleys are massless, Fı = 2F;. The Fı and F3 
terms drop out and the work-energy equation reduces to 


255.06 = 17.504 


ach S Ans 


3(9.81) N 


8(9.81) N 


14-66. 


The girl has a mass of 40 kg and center of mass at G. If she 
is swinging to a maximum height defined by 6 = 60°, 
determine the force developed along each of the four 
supporting posts such as AB at the instant 0 = 0°. The 
swing is centrally located between the posts. 


SOLUTION 
The maximum tension in the cable occurs when 6 = 0°. 
Ti sr Vi zm T5 T V5 
1 
0 + 40(9.81)(—2 cos 60°) = 240v + 40(9.81)(—2) 


v = 4.429 m/s 


4.429? 
2 


+152 = 6; 2(2F) cos 30° — 784.8 = 0 [zem 


+1, = ma; T — 40(9.81) = (40)( ) T = 784.8N 


Ans. 


n 


L 


406686۱ ( N 


Y 
A 
2r 8 2r 


لمع +1279 


14-70. 


The 2-kg ball of negligible size is fired from point A with 
an initial velocity of 10 m/s up the smooth inclined plane. 
Determine the distance from point C to where it hits the 
horizontal surface at D. Also, what is its velocity when it 
strikes the surface? 


SOLUTION 


Datum at A: 


TA +t Va LÍ Tg F Vp 
; Qao? +0= 5 Qe? + 2(9.81)(1.5) 


vg = 8.401 m/s 
(+) S = وى‎ + vt 


d=0+ 8401(2) 


1 3 1 1 2 
15204 8401(2) ۲ 5 980r 


4.905? + 5.0401 + 1.5 = 0 


Solving for the positive root, 


t = 1.269s 

4 
de san (5 200 سقكة-‎ 
Datum at A: 


Vo‏ + 7 < ۲۷ + م1 


5 Q0) + 0 << Qvo? + 0 


Ans. 


Ans. 


—— 


14-74. 


The roller-coaster car has mass M, including its passenger, and starts from the top of the hill A 
with a speed v,. Determine the minimum height A of the hill crest so that the car travels around 


both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size 
of the car. What is the normal reaction on the car when the car is at B and when it is at C? 


Units Used: kN = 10° N 
Given: 


M-80kg v4-3— 
S 
rg = 10m 


m 
r=7m BAM 
S 


Solution: Check the loop at B first We require that. Ng =0 Ans. 
" 2 
B m 
=Np= Me = =M حك‎ vp = „er vg = 9.9 — 
B S m B STB B 
1 2 1 2 
T4* ۲ < 1+ Vp M4 ۱۳ M + ۵۵۲ 


2 2 
VB ۸ 
ba d h= 4.5m Ans. 


5 
Now check the loop at C 


1 1 
۳ Tc-Vc Mvi + Mgh = -Mvc + Merc 

m 
vc = Jv + )ود‎ - 2r) vc = 14.7 — 
S 
2 2 
vc vc 

sos ee سر مك م‎ 
TC TC 


14-75. 


The roller-coaster car has mass M, including its passenger, and starts from the top of the hill 4 
with a speed v,. Determine the minimum height 7۱ of the hill crest so that the car travels around 


both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size 
of the car. What is the normal reaction on the car when the car is at B and when it is at C? 


Units Used: KN = 10° N 
Given: 


m 
M = 800 kg vy =0— 

5 
rp = 10 م‎ 


m 
r=7m BL 
S 


Solution: Check the loop at B first We require that. Ng =0 Ans. 
5 2 
B m 
—Np - Me = =M — vp = „fer vg = 9.9 — 
B 5 m B STB B 5 
1 2 1 2 
T4* V4-2 Tp* VB 5 ”A Meh Myg + Mg2rp 


2 2 
VB ۸ 
h = و2 + سس‎ f= 0 Ans. 


5 
Now check the loop at C 


1 1 
T4* V4-2 Tc Vc Mv + Mgh = Myc" + Merc 
m 
yc = nee + 2200 = 2rc) vc = 14.7 — 
S 
2 2 
VG VC 
scm [E) ل‎ aN am 
46 rC 


14-78. 


Two equal-length springs are “nested” together in order to form a shock absorber. If it is 
designed to arrest the motion of mass M that is dropped from a height ری‎ above the top of the 
springs from an at-rest position, and the maximum compression of the springs is to be ô, 
determine the required stiffness of the inner spring, kg, if the outer spring has a stiffness K,. 


Given: 
M= 4 kg ۵ = 0.2 m 
N 
k4 =50 >  g=981 Ž = 
m 2 | 
5 
sj = 0.6m : 
Solution: 


1, + ۲ < Tot و7[‎ 


0 + Mg(s; + à) = 0+ Ska + ha) © 


ô 


14-79. The vertical guide is smooth and the 5-kg collar is 04m 
released from rest at A. Determine the speed of the collar | 

when it is at position C. The spring has an unstretched 
length of 300 mm. 


ol 
< k = 250 N/m 


Potential Energy: With reference to the datum set in Fig. a, the gravitational potential 
energy of the collar at positions A and C are (Vela = mgh; = 5(9.81)(0) = 0 and 
(Ve)c = mghc = 5(9.81)(—0.3) = —14.715 J. When the collar is at positions A and 
C, the spring stretches s4 = 0.4 — 0.3 = 0.1 m and sc = V0.4 + 0.3 - 03 = 


0.2 m. The elastic potential energy of the spring when the collar is at these two 


1 1 
positions are (Vela = 5 ksa? = 2 (250)(0.1?) = 1.25 J and 


1 1 
(Vele= 5 sc? zi (250)(0.2) = 5 J. 


Conservation of Energy: 


Tat+V,a=Tct+ Ve 


Val = jme? t [Vae ii Vdc‏ + 2 + رط 


0 + )0 + 1.25) = = (5e? + (-14.715 + 5) 


vc = 2.09 m/s Ans. 


14-86. 


The bob of mass M of a pendulum is fired from rest at position A by a spring which has a 
stiffness k and is compressed a distance ۵. Determine the speed of the bob and the tension 
in the cord when the bob is at positions B and C. Point B is located on the path where the 

radius of curvature is still r, i.e., just before the cord becomes horizontal. 


Units Used: — kN = 10° N 
Given: 
M = 0.75 kg 
kN 
k = 6 — 
m 
ô = 125 mm f 
r = 0.6 ۱ 
B " 
| 
\ 
Solution: 


1 1 
0 + she = Mee + Mgr 


VB = | +)? - 


k & 
= ae - 6 Ans, 


wem me 


1 Tp f M(vg/r) 


Mg Ma, 


Mg 


i 


d 


M(ve?/r,) 


14-87. 


A block having a mass M is attached to 
four springs. If each spring has a stiffness 
k and an unstretched length 6, determine 
the maximum downward vertical 
displacement Sax of the block if it is 


max 
released from rest at s = 0. 


Units Used: kN = 10? N 


Given: 

M = 20 kg 

tea 

m 

1 = 100 mm 

۵ = 150 mm 
Solution: 
Guess Smax = 100 mm 
Given 


2 


swar = Find (sen) EEE د‎ 


4 =a) -Meint 2 dali d wa " iz Eg "d 


14-90. 


The Raptor is an outside loop roller coaster in which riders 
are belted into seats resembling ski-lift chairs. Determine 
the minimum speed ونه‎ at which the cars should coast down 
from the top of the hill, so that passengers can just make the 
loop without leaving contact with their seats. Neglect 
friction, the size of the car and passenger, and assume each 
passenger and car has a mass m. 


SOLUTION 


Datum at ground: 
11 s Vi E T5 F V5 


1 1 
js + mgh = sini + mg2p 


vı = V + 2g(h-2p) 


vi 
+ SE, = ma, mg = m| — 
م‎ 


Thus, 


gp = vb + 2gh — 4gp 


Ans. 


14-91. 


The Raptor is an outside loop roller coaster in which riders 
are belted into seats resembling ski-lift chairs. If the cars 
travel at vy = 4 m/s when they are at the top of the hill, 
determine their speed when they are at the top of the loop 
and the reaction of the 70-kg passenger on his seat at this 
instant. The car has a mass of 50 kg. Take h = 12 m, p = 5m. 
Neglect friction and the size of the car and passenger. 


SOLUTION 


Datum at ground: 


Ti F Vi = T> F V5 
50204) + 120(9.81)(12) = 50200 + 120(9.81)(10) 


+JSF, = ma; 70(9.81) + N 70( 


هس 


Ans. 


Ans. 


| 


70(9.8))N 


14-95. The ball of mass m is given a speed of 
va = V3gr at position A. When it reaches B, the cord hits 
the small peg P, after which the ball describes a smaller 
circular path. Determine the position x of P so that the 
ball will just be able to reach point C. 


Equation of Motion: If the ball is just about to complete the small circular path, the 
2 


cord will become slack at position C, ie., T = 0. Here, a, = a De By 
referring to the free-body diagram of the ball shown in Fig. a, لي‎ * 
2 
: = Yc EA 
EF, ma, mg — 1 ) ve =S gír ~ x) (1) 
EX 


Potential Energy: With reference to the datum set in Fig. b, the gravitational 
potential energy of the ball at positions A and C are (Vela mgh, = mg(0) = 0 
and (Vee = mghc = mg(2r — x). 


Conservation of Energy: 
T A + ۲ A Tc + Ve 


; mva? ! (Vela = > myc?4 (Vale 


1 1 
27080 + 0 < vc” + mg(2r — x) 


vc? = g(2x - r) (2) 
Solving Eqs. (1) and (2) yields 


X-—-r Ans. 


14-96. The ball of mass m is given a speed of 
va = V 5۳ at position A. When it reaches B, the cord hits 
the peg P, after which the ball describes a smaller circular 
path. If x = r, determine the speed of the ball and the 
tension in the cord when it is at the highest point C. 


Potential Energy: With reference to the datum set in Fig. a, the gravitational 
potential energy of the ball at positions A and C are (V) A= mgh, = mg(0) = 0 


4 4 
and (Vj)c = mghc = me( 4) = 3 mgr. 


Conservation of Energy: 


Ta+Vy,=Tct+ Ve 


1 1 
a (Ve)4 75 mvc?4 (Velo 
1 1 4 
2580 +0 = zm + 2 
7 
Vo =, [3 8" Ans. 
7 
$ sr 


Equations of Motion: Here, a, = "el PL By referring to the free-body diagram 
of the ball shown in Fig. b, p 4 


=F, = map; T + mg = m(7g) 


T = 6mg Ans. 


14-3. 


The crate, which has a mass of 100 kg, is subjected to the 
action of the two forces. If it is originally at rest, determine 
the distance it slides in order to attain a speed of 6 m/s. The 
coefficient of kinetic friction between the crate and the 
surface is ju, = 0.2. 


SOLUTION 


Equations of Motion: Since the crate slides, the friction force developed between 
the crate and its contact surface is Fy = u, N = 0.2N. Applying Eq. 13-7, we have 


3 
+Î2F, = ma; N+ 1000( 2) — 800 sin 30° — 100(9.81) = 100(0) 


N = 781N 


Principle of Work and Energy: The horizontal components of force 800 N and 
1000 N which act in the direction of displacement do positive work, whereas the 
friction force ۲۶ = 0.2(781) = 156.2N does negative work since it acts in the 
opposite direction to that of displacement. The normal reaction N, the vertical 
component of 800 N and 1000 N force and the weight of the crate do not displace, 
hence they do no work. Since the crate is originally at rest, 7, = 0. Applying 
Eq. 14-7, we have 


11 + X Ui = T> 


4 1 
0 + 800 cos 30*(s) 4 1000( js 156.25 = 5 (100)(6") 


800 N 
30° 


/00(9.81) N 


14-4. 


The 2-kg block is subjected to a force having a constant F 
direction and a magnitude F = (300/(1 + s)) N, where s is تم‎ 130 
in meters. When s = 4m, the block is moving to the left f 
with a speed of 8 m/s. Determine its speed when s = 12 m. 

The coefficient of kinetic friction between the block and the 0 

ground is u, = 0.25. 


SOLUTION 
150 
+12 ر‎ =0; Ng = 2(9.81) + um 
280۳ 300 
T, + 2 = T. - 5 
1 1-2 2 Zoo itS 
1 " * 150 | i m) - 
5 (8) - 0.25[2(9.81)(12 — 4)] - 0.25 n 1:07 f Tag) 49 cos 30° = 5(2)(2) 7 0.25Ng 
Ne 
1 + 2 1 + 2 
= 24.76 — 37. + : 
v3 = 24.76 ssn( 132) 25081 n( 122) 


14-10. 


The 2-Mg car has a velocity of رن‎ = 100km/h when the 
driver sees an obstacle in front of the car. If it takes 0.75 s for 
him to react and lock the brakes, causing the car to skid, 
determine the distance the car travels before it stops. The 


v = 100 km/h 


coefficient of kinetic friction between the tires and the road 
is Mk = 0.25 : 


SOLUTION 


Free-Body Diagram: The normal reaction N on the car can be determined by 
writing the equation of motion along the y axis. By referring to the free-body 
diagram of the car, Fig. a, 


+] = may; N — 2000(9.81) = 2000(0) N = 19620N 


Since the car skids, the frictional force acting on the car is 
Fg = uN = 0.25(19620) = 4905N. 


Principle of Work and Energy: By referring to Fig. a, notice that only Fy does work, 


1h 
which is negative. The initial speed of the car is v4 = KD 2) ره‎ = 


27.78 m/s. Here, the skidding distance of the car is denoted as s’. 
11 + EU, = T> 
1 2 D 
z (2000)(27.78 ) + (—4905s') = 0 
s' = 157.31 m 


The distance traveled by the car during the reaction time is 
s" = vit = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car 
before it stops is 


s= او‎ + s" = 157.31 + 2083 = 178.14 m = 178m Ans. 


14-11. 


The 2-Mg car has a velocity of ره‎ = 100km/h when the v; = 100 km/h 
driver sees an obstacle in front of the car. It takes 0.75 s for ڪڪ‎ 
him to react and lock the brakes, causing the car to skid. If 
the car stops when it has traveled a distance of 175 m, 
determine the coefficient of kinetic friction between the 
tires and the road. 


SOLUTION 


Free-Body Diagram: The normal reaction N on the car can be determined by 
writing the equation of motion along the y axis and referring to the free-body 
diagram of the car, Fig. a, 


+1 IF, = may; N — 2000(9.81) = 2000(0) N = 19620N 


Since the car skids, the frictional force acting on the car can be computed from 
Fr = HN = ۳19 620). 


Principle of Work and Energy: By referring to Fig. a, notice that only F; does work, 


1h 
which is negative. The initial speed of the car is v = KD zs a) = 


27.78 m/s. Here, the skidding distance of the car is ۰ 
11 + ولاه‎ m T5 
1 
5 (2000)(27.78") + [-44(19 620)s’] = 0 


_ 39.327 
Mk 


14 


The distance traveled by the car during the reaction time is 
s" = vit = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car 
before it stops is 


s=s' +s" 
175 = gad + 20.83 
Mk 


14-14. 


If the cord is subjected to a constant force of F = 300N 
and the 15-kg smooth collar starts from rest at A, determine 
the velocity of the collar when it reaches point B. Neglect 
the size of the pulley. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the collar and cord system at an 
arbitrary position is shown in Fig. a. 


Principle of Work and Energy: Referring to Fig. a, only N does no work since it 
always acts perpendicular to the motion. When the collar moves from position A to 
position B, W displaces vertically upward a distance A = (0.3 + 0.2) m = 0.5 m, 
while force F displaces a distance of s= AC — BC = V0.7 + 0.4 


V0.2? + 0.2? = 0.5234 m. Here, the work of F is positive, whereas W does 
negative work. 


TA + XU وع-م‎ = TB 
0 + 300(0.5234) + [-15(9.81)(0.5)] = asw 


m/s = 3.34 m/s Ans.‏ 3.335 = وا 


W= Ix(480N F=300N 


ره 


14-15. 


Determine the required height / of the roller coaster so that when it is essentially at rest at 
the crest of the hill it will reach a speed v when it comes to the bottom. Also, what should 
be the minimum radius of curvature م‎ for the track at 8 so that the passengers do not 
experience a normal force greater than kmg? Neglect the size of the car and passengers. 


Given: 


100 — 


=< 
Il 


k=4 
Solution: 


Tı+ Up= T, 


1 
mgh = —mv 
5 - و‎ 


mg 


14-16. 


The “flying car” is a ride at an amusement park which consists of a car having wheels that 
roll along a track mounted inside a rotating drum. By design the car cannot fall off the 
track, however motion of the car is developed by applying the car’s brake, thereby 
gripping the car to the track and allowing it to move with a constant speed of the track, v,. 


If the rider applies the brake when going from B to A and then releases it at the top of the 
drum, A, so that the car coasts freely down along the track to B (0— 7 rad),determine the 
speed of the car at B and the normal reaction which the drum exerts on the car at B. 
Neglect friction during the motion from A to B. The rider and car have a total mass M and 
the center of mass of the car and rider moves along a circular path having a radius r. 


Units Used: 
3 
kN = 10 N 
Given: 
M = 250 kg 
r=8m 
m 
Vt = 3 = 
5 
Solution: 


1 2 1 2 
a + Mg2r = 5 


VB = Je +4gr 


Mg 5 
Np $ Mvgr) 
N جه‎ 0 
Ans, ر‎ 3 k i = Ors 


1448. 


The block has a mass M and moves within the smooth vertical slot. If it starts from rest 
when the attached spring is in the unstretched position at A, determine the constant vertical 
force F which must be applied to the cord so that the block attains a speed vz when it 


reaches sp. Neglect the size and mass of the pulley. Hint: The work of F can be 
determined by finding the difference A/ in cord lengths AC and BC and using Ur = F Al. 


Given: E b 
M = 0.8 kg l = 0.4 m 1 
Bare b = 0.3 m 
5 N 
sp = 0.15 m كناكم‎ 
Solution: 


Given 


1 1 
FAI — Mgsp- Show = Mv 


F=Find(F) F=439N Ans 


14-24. 


The 0.5-kg ball is fired up the smooth vertical circular track 
using the spring plunger. The plunger keeps the spring 
compressed 0.08 m when s — 0. Determine how far s it must 
be pulled back and released so that the ball will begin to 
leave the track when 0 — 135*. 


SOLUTION 


Equations of Motion: 


- ۱ o UJ X s 242 
ZF, = map; 0.5(9.81) cos 45 0.5 15 vg = 10.41 5 


Principle of Work and Energy: Here, the weight of the ball is being displaced 
vertically by s = 1.5 + 1.5 sin 45° = 2.561 m and so it does negative work. The 
spring force, given by F4, = 500(s + 0.08), does positive work. Since the ball is at 
rest initially, T; = 0. Applying Eq. 14-7, we have 


TA F XU, = Tp 


0+ / soos + 0.08) ds — 0.5(9.81)(2.561) = 5 (0500041) 
0 


s = 0.1789 m -179mm . Ans. 


k = 500 N/m 


t 0 5(98)N 


N 454 = 
ay 

A 

A. 


14-35. 


The collar has a mass of 20 kg and is supported on the 
smooth rod. The attached springs are undeformed when 
d — 0.5 m. Determine the speed of the collar after the 
applied force F = 100 N causes it to be displaced so that 
d = 0.3 m. When d = 0.5 m the collar is at rest. 


SOLUTION 
T; + XU, =T, 


1 
0 + 100 sin 60°(0.5 — 0.3) + 196.2(0.5 — 0.3) - 5 (15)(0.5 - 0.3)? 


- 5 (25)(05 - 0.3) = 200۳ 196.2 N 


ve = 236 m/s Ans. 


14-39. 


The 8-kg cylinder A and 3-kg cylinder B are released from 
rest. Determine the speed of A after it has moved 2 m 
starting from rest. Neglect the mass of the cord and pulleys. 


SOLUTION 


Kinematics: Express the length of cord in terms of position coordinates s4 and sg by 
referring to Fig. a 


sp=l (1)‏ + م25 
Thus‏ 
)2( 0 = ودود + 2As,‏ 


If we assume that cylinder A is moving downward through a distance of As, = 2 m, 
Eq. (2) gives 


(+1) 2(2) + Asp = 0 Asg = -Am = 4m 
Taking the time derivative of Eq. (1), 
(+1) 20+ وه‎ = 0 (3) 
EI, EU, = DT» 
1 2,1 2 
0 + 8(2)9.81 - 3(4)9.81 = 5(8)v¢ + zG)vg 


Positive net work on left means assumption of A moving down is correct. Since 
وا‎ = 20 


m Ans 


vg = —3.96 m/s = 3.96 m/s Î 


14-40. 


Cylinder A has a mass of 3 kg and cylinder B has a mass of 
8 kg. Determine the speed of A after it moves upwards 2 m 
starting from rest. Neglect the mass of the cord and pulleys. 


SOLUTION 
Sint Ses YT» 


0 + 2[F, — 3(9.81)] + 4[8(9.81) — زوم‎ > (7 O 


Also, vg = 2v4, and because the pulleys are massless, Fı = 2F;. The Fı and F3 
terms drop out and the work-energy equation reduces to 


255.06 = 17.504 


ach S Ans 


3(9.81) N 


8(9.81) N 


14-66. 


The girl has a mass of 40 kg and center of mass at G. If she 
is swinging to a maximum height defined by 6 = 60°, 
determine the force developed along each of the four 
supporting posts such as AB at the instant 0 = 0°. The 
swing is centrally located between the posts. 


SOLUTION 
The maximum tension in the cable occurs when 6 = 0°. 
Ti sr Vi zm T5 T V5 
1 
0 + 40(9.81)(—2 cos 60°) = 240v + 40(9.81)(—2) 


v = 4.429 m/s 


4.429? 
2 


+152 = 6; 2(2F) cos 30° — 784.8 = 0 [zem 


+1, = ma; T — 40(9.81) = (40)( ) T = 784.8N 


Ans. 


n 


L 


406686۱ ( N 


Y 
A 
2r 8 2r 


لمع +1279 


14-70. 


The 2-kg ball of negligible size is fired from point A with 
an initial velocity of 10 m/s up the smooth inclined plane. 
Determine the distance from point C to where it hits the 
horizontal surface at D. Also, what is its velocity when it 
strikes the surface? 


SOLUTION 


Datum at A: 


TA +t Va LÍ Tg F Vp 
; Qao? +0= 5 Qe? + 2(9.81)(1.5) 


vg = 8.401 m/s 
(+) S = وى‎ + vt 


d=0+ 8401(2) 


1 3 1 1 2 
15204 8401(2) ۲ 5 980r 


4.905? + 5.0401 + 1.5 = 0 


Solving for the positive root, 


t = 1.269s 

4 
de san (5 200 سقكة-‎ 
Datum at A: 


Vo‏ + 7 < ۲۷ + م1 


5 Q0) + 0 << Qvo? + 0 


Ans. 


Ans. 


—— 


14-74. 


The roller-coaster car has mass M, including its passenger, and starts from the top of the hill A 
with a speed v,. Determine the minimum height A of the hill crest so that the car travels around 


both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size 
of the car. What is the normal reaction on the car when the car is at B and when it is at C? 


Units Used: kN = 10° N 
Given: 


M-80kg v4-3— 
S 
rg = 10m 


m 
r=7m BAM 
S 


Solution: Check the loop at B first We require that. Ng =0 Ans. 
" 2 
B m 
=Np= Me = =M حك‎ vp = „er vg = 9.9 — 
B S m B STB B 
1 2 1 2 
T4* ۲ < 1+ Vp M4 ۱۳ M + ۵۵۲ 


2 2 
VB ۸ 
ba d h= 4.5m Ans. 


5 
Now check the loop at C 


1 1 
۳ Tc-Vc Mvi + Mgh = -Mvc + Merc 

m 
vc = Jv + )ود‎ - 2r) vc = 14.7 — 
S 
2 2 
vc vc 

sos ee سر مك م‎ 
TC TC 


14-75. 


The roller-coaster car has mass M, including its passenger, and starts from the top of the hill 4 
with a speed v,. Determine the minimum height 7۱ of the hill crest so that the car travels around 


both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size 
of the car. What is the normal reaction on the car when the car is at B and when it is at C? 


Units Used: KN = 10° N 
Given: 


m 
M = 800 kg vy =0— 

5 
rp = 10 م‎ 


m 
r=7m BL 
S 


Solution: Check the loop at B first We require that. Ng =0 Ans. 
5 2 
B m 
—Np - Me = =M — vp = „fer vg = 9.9 — 
B 5 m B STB B 5 
1 2 1 2 
T4* V4-2 Tp* VB 5 ”A Meh Myg + Mg2rp 


2 2 
VB ۸ 
h = و2 + سس‎ f= 0 Ans. 


5 
Now check the loop at C 


1 1 
T4* V4-2 Tc Vc Mv + Mgh = Myc" + Merc 
m 
yc = nee + 2200 = 2rc) vc = 14.7 — 
S 
2 2 
VG VC 
scm [E) ل‎ aN am 
46 rC 


14-78. 


Two equal-length springs are “nested” together in order to form a shock absorber. If it is 
designed to arrest the motion of mass M that is dropped from a height ری‎ above the top of the 
springs from an at-rest position, and the maximum compression of the springs is to be ô, 
determine the required stiffness of the inner spring, kg, if the outer spring has a stiffness K,. 


Given: 
M= 4 kg ۵ = 0.2 m 
N 
k4 =50 >  g=981 Ž = 
m 2 | 
5 
sj = 0.6m : 
Solution: 


1, + ۲ < Tot و7[‎ 


0 + Mg(s; + à) = 0+ Ska + ha) © 


ô 


14-79. The vertical guide is smooth and the 5-kg collar is 04m 
released from rest at A. Determine the speed of the collar | 

when it is at position C. The spring has an unstretched 
length of 300 mm. 


ol 
< k = 250 N/m 


Potential Energy: With reference to the datum set in Fig. a, the gravitational potential 
energy of the collar at positions A and C are (Vela = mgh; = 5(9.81)(0) = 0 and 
(Ve)c = mghc = 5(9.81)(—0.3) = —14.715 J. When the collar is at positions A and 
C, the spring stretches s4 = 0.4 — 0.3 = 0.1 m and sc = V0.4 + 0.3 - 03 = 


0.2 m. The elastic potential energy of the spring when the collar is at these two 


1 1 
positions are (Vela = 5 ksa? = 2 (250)(0.1?) = 1.25 J and 


1 1 
(Vele= 5 sc? zi (250)(0.2) = 5 J. 


Conservation of Energy: 


Tat+V,a=Tct+ Ve 


Val = jme? t [Vae ii Vdc‏ + 2 + رط 


0 + )0 + 1.25) = = (5e? + (-14.715 + 5) 


vc = 2.09 m/s Ans. 


14-86. 


The bob of mass M of a pendulum is fired from rest at position A by a spring which has a 
stiffness k and is compressed a distance ۵. Determine the speed of the bob and the tension 
in the cord when the bob is at positions B and C. Point B is located on the path where the 

radius of curvature is still r, i.e., just before the cord becomes horizontal. 


Units Used: — kN = 10° N 
Given: 
M = 0.75 kg 
kN 
k = 6 — 
m 
ô = 125 mm f 
r = 0.6 ۱ 
B " 
| 
\ 
Solution: 


1 1 
0 + she = Mee + Mgr 


VB = | +)? - 


k & 
= ae - 6 Ans, 


wem me 


1 Tp f M(vg/r) 


Mg Ma, 


Mg 


i 


d 


M(ve?/r,) 


14-87. 


A block having a mass M is attached to 
four springs. If each spring has a stiffness 
k and an unstretched length 6, determine 
the maximum downward vertical 
displacement Sax of the block if it is 


max 
released from rest at s = 0. 


Units Used: kN = 10? N 


Given: 

M = 20 kg 

tea 

m 

1 = 100 mm 

۵ = 150 mm 
Solution: 
Guess Smax = 100 mm 
Given 


2 


swar = Find (sen) EEE د‎ 


4 =a) -Meint 2 dali d wa " iz Eg "d 


14-90. 


The Raptor is an outside loop roller coaster in which riders 
are belted into seats resembling ski-lift chairs. Determine 
the minimum speed ونه‎ at which the cars should coast down 
from the top of the hill, so that passengers can just make the 
loop without leaving contact with their seats. Neglect 
friction, the size of the car and passenger, and assume each 
passenger and car has a mass m. 


SOLUTION 


Datum at ground: 
11 s Vi E T5 F V5 


1 1 
js + mgh = sini + mg2p 


vı = V + 2g(h-2p) 


vi 
+ SE, = ma, mg = m| — 
م‎ 


Thus, 


gp = vb + 2gh — 4gp 


Ans. 


14-91. 


The Raptor is an outside loop roller coaster in which riders 
are belted into seats resembling ski-lift chairs. If the cars 
travel at vy = 4 m/s when they are at the top of the hill, 
determine their speed when they are at the top of the loop 
and the reaction of the 70-kg passenger on his seat at this 
instant. The car has a mass of 50 kg. Take h = 12 m, p = 5m. 
Neglect friction and the size of the car and passenger. 


SOLUTION 


Datum at ground: 


Ti F Vi = T> F V5 
50204) + 120(9.81)(12) = 50200 + 120(9.81)(10) 


+JSF, = ma; 70(9.81) + N 70( 


هس 


Ans. 


Ans. 


| 


70(9.8))N 


14-95. The ball of mass m is given a speed of 
va = V3gr at position A. When it reaches B, the cord hits 
the small peg P, after which the ball describes a smaller 
circular path. Determine the position x of P so that the 
ball will just be able to reach point C. 


Equation of Motion: If the ball is just about to complete the small circular path, the 
2 


cord will become slack at position C, ie., T = 0. Here, a, = a De By 
referring to the free-body diagram of the ball shown in Fig. a, لي‎ * 
2 
: = Yc EA 
EF, ma, mg — 1 ) ve =S gír ~ x) (1) 
EX 


Potential Energy: With reference to the datum set in Fig. b, the gravitational 
potential energy of the ball at positions A and C are (Vela mgh, = mg(0) = 0 
and (Vee = mghc = mg(2r — x). 


Conservation of Energy: 
T A + ۲ A Tc + Ve 


; mva? ! (Vela = > myc?4 (Vale 


1 1 
27080 + 0 < vc” + mg(2r — x) 


vc? = g(2x - r) (2) 
Solving Eqs. (1) and (2) yields 


X-—-r Ans. 


14-96. The ball of mass m is given a speed of 
va = V 5۳ at position A. When it reaches B, the cord hits 
the peg P, after which the ball describes a smaller circular 
path. If x = r, determine the speed of the ball and the 
tension in the cord when it is at the highest point C. 


Potential Energy: With reference to the datum set in Fig. a, the gravitational 
potential energy of the ball at positions A and C are (V) A= mgh, = mg(0) = 0 


4 4 
and (Vj)c = mghc = me( 4) = 3 mgr. 


Conservation of Energy: 


Ta+Vy,=Tct+ Ve 


1 1 
a (Ve)4 75 mvc?4 (Velo 
1 1 4 
2580 +0 = zm + 2 
7 
Vo =, [3 8" Ans. 
7 
$ sr 


Equations of Motion: Here, a, = "el PL By referring to the free-body diagram 
of the ball shown in Fig. b, p 4 


=F, = map; T + mg = m(7g) 


T = 6mg Ans. 


15-4. 


The baseball has a horizontal speed v; when it is struck by the bat B. If it then travels away 


at an angle © from the horizontal and reaches a maximum height h, measured from the 
height of the bat, determine the magnitude of the net impulse of the bat on the ball. The ball 
has a mass M. Neglect the weight of the ball during the time the bat strikes the ball. 


Given: m 
M = 04 kg / 
m 
v; = 35 — 
5 


6 = 60 deg F / ۷ 
y B / ^ 
— — 
2 F 1 
5 1 1 
Solution: 
We 
Guesses 


m 
v2 =a Imp, = | Ns Imp, = 10 N's 


Given 


5 M(v2sin(0))° = Mgh | -Mv; + Imp, = Mv cos( 0) 0 + Imp, = Mvssin( 6) 


v2 
m Impy 212 
Imp, | = Find(v2, Imp,, Imp;) cp; ۳ Nes 
5 


Impy 


Ans. 


15-10. 


The 50-kg crate is pulled by the constant force P. If the crate 
starts from rest and achieves a speed of 10 m/s in 5 s, deter- 
mine the magnitude of P. The coefficient of kinetic friction 
between the crate and the ground is u, = 0.2. 


SOLUTION 


Impulse and Momentum Diagram: The frictional force acting on the crate is 
F; = uN = 02N. 


Principle of Impulse and Momentum: 
GD omo) + > | Ea 

0 + N(5) + P(5) sin 30° — 50(9.81)(5) = 0 

N = 490.5 — 0.5P (1) 
(5) mode + 2 | He, 

50(0) + P(5) cos 30° — 0.2N(5) = 50(10) 

4.33001 P — N = 500 (2) 
Solving Eqs. (1) and (2), yields 


N = 387.97N 


Ans.‏ 2 و 


504805) 
50)0( P(5) 5000) 


15-11. 


When the 5-kg block is 6 m from the wall, it is sliding at 
vı = 14 m/s. If the coefficient of kinetic friction between 
the block and the horizontal plane is u, = 0.3, determine 
the impulse of the wall on the block necessary to stop the 
block. Neglect the friction impulse acting on the block 
during the collision. 


SOLUTION 


Equation of Motion: The acceleration of the block must be obtained first before 
one can determine the velocity of the block before it strikes the wall. 


N — 5(9.81) = 5(0) N = 49.05 N 


ll 


ma 


+] 2 و‎ ys 


SF, = ma;  —0.3(49.05) = —5a a = 2.943 m/s”‏ جك 


Kinematics: Applying the equation v? = وه‎ + 2a, (s — so) yields 


(5)  s$-1442(-2943(6 -0) v= 12.68 m/s 
Principle of Linear Impulse and Momentum: Applying Eq. 15-4, we have 
12 
mot | F,dt = m(vx)2 
tl 


(3) 5(12.68) — I = 5(0) 


[= BAN: Ans 


6m 


15-12. 


For a short period of time, the frictional driving force acting 
on the wheels of the 2.5-Mg van is Fp = (60027) N, where t 
is in seconds. If the van has a speed of 20 km/h when t = 0, 
determine its speed when 1 = 5s. 


SOLUTION 


Principle of Impulse and Momentum: The initial speed of the van is v = (20002. 


1h 
ui — 5.556 m/s. Referring to the free-body diagram of the van shown in Fig. a, 


(5) — moe + Z f Jia eonun; 


5s 
2500(5.556) + / 600171 = 2500 v; 
0 


m= 156 m/s Ans 


15-13. 


The 2.5-Mg van is traveling with a speed of 100 km/h when 
the brakes are applied and all four wheels lock. If the speed 
decreases to 40 km/h in 5 s, determine the coefficient of 
kinetic friction between the tires and the road. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the van is shown in Fig. a. The frictional 
force is Fy = u,N since all the wheels of the van are locked and will cause the van 
to slide. 


Principle of Impulse and Momentum: The initial and final speeds of the van are 


[nsa‏ بس pin] aenn‏ سس 
Ui KOA 27.78 m/s and v; 40(10°) 7 3600 s 11.11 m/s.‏ 


Referring to Fig. a, 


GN mw), + X f "Rat = mw); 
2500(0) + N(5) — 2500(9.81)(5) = 2500(0) 
N = 24525N 

(2) moe 2 | RES 


2500(27.78) + [-44(24525)(5)] = 2500(11.1) 


PI Ans 


V 
ت‎ 


2500(9-B1)N 


15-19. 


The tennis ball has a horizontal speed v; when it is struck by the racket. If it then travels away 
at angle ۵0 from the horizontal and reaches maximum altitude 7, measured from the height of the 
racket, determine the magnitude of the net impulse of the racket on the ball. The ball has mass 
M. Neglect the weight of the ball during the time the racket strikes the ball. 


Given: 
v; =15— 
5 سس‎ | 
h 
0 = 25 deg Ao 
h=10m 
M = 180 gm 
= 9.81 — 
و‎ = ۰ 2 
5 
; : . V2gh m 
Solution: Free flight vysin(@) = 7 و۷‎ < — (9) v2 = 33.14 — 
sin 5 


Impulse - 
-Mwvi + I; = Mvacos(6) T M(vzcos(6) + vj) JI = 81 N:s 


0 + 1, = Mvzsin( 0) I, = Mvssin(6) 1y = 2.52Ns 


1522. 


A crate of mass M rests against a stop block s, which prevents the crate from moving 
down the plane. If the coefficients of static and kinetic friction between the plane and the 
crate are 4, and 44, respectively, determine the time needed for the force F to give the crate 
a speed v up the plane.The force always acts parallel to the plane and has a magnitude of F 
= at. Hint: First determine the time needed to overcome static friction and start the crate 
moving. 

Given: 


M = 50 kg 0 — 30 deg 


ie Hs = 3 
5 
N Uk = 2 
a = 300 — 
Solution: 
Guesses 1, < 1 و‎ Nc < 1 ۷ 9 < 1 و‎ 


Given Nc- Mgcos( 0) =0 


atı — ts Nc- Mgsin(6) =0 


12 
| (at - Mgsin(6) - UNo) dt = Mv 
11 


11 


t2 | = Find(tj, t5, NC) t] = 1.2428 ET Ans. 


Nc 


15-23. 

The 5-kg block is moving downward at v = 2 m/s when it 
is 8 m from the sandy surface. Determine the impulse of the 
sand on the block necessary to stop its motion. Neglect the 
distance the block dents into the sand and assume the block 


does not rebound. Neglect the weight of the block during 
the impact with the sand. 


SOLUTION 


Just before impact 


T+ 2U-.=T 
FOO + 8(5)(9.81) = 25002 
v = 12.687 m/s 


(+1) my + 3 [rai = m; 


5(12.687) — [ra =0 


MR 


5(9,.81) N 


feat 


Ans. 


15-24. 


The 5-kg block is falling downward at v, = 2 m/s when it is 
8 m from the sandy surface. Determine the average | 

impulsive force acting on the block by the sand if the v, = 2m/s 
motion of the block is stopped in 0.9 s once the block strikes 
the sand. Neglect the distance the block dents into the sand 
and assume the block does not rebound. Neglect the weight 
of the block during the impact with the sand. 


SOLUTION 


Just before impact 


1 + LU,» = DB 


ZOO + 8(5)(981) = FO) 


v = 12.69 m/s 
(+1) m + X [Fd = mv, 


5(12.69) — Fye(0.9) = 0 


BEES Ans 


1525. 


The jet plane has a mass M and a horizontal velocity v; when ¢= 0. If both engines 


provide a horizontal thrust which varies as shown in the graph, determine the plane's 
velocity at time .را‎ Neglect air resistance and the loss of fuel during the motion. 


Units Used: 
Mg = 10? kg F (kN) ۹ 
۱ 
kN = 10 N 
Given: 
M = 250 Mg 
ور‎ = 100 Z t (s) 
5 
f; = 15 5 
a = 200 kN 
kN 
b = 2 — 
2 
5 
Solution: 


11 
mws | a+ bÊ dt = Mv, 
0 


1 
1 1 2 
y] = ۷+ — » + 1 dt Ans. 
M Jo 


15-37. 


The 2.5-Mg pickup truck is towing the 1.5-Mg car using a 
cable as shown. If the car is initially at rest and the truck is 
coasting with a velocity of 30 km/h when the cable is slack, 
determine the common velocity of the truck and the car just 
after the cable becomes taut. Also, find the loss of energy. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the truck and car system is shown in 


Fig. a. Here, W,, Wc, N,, and Nc are nonimpulsive forces. The pair of impulsive forces 
F generated at the instant the cable becomes taut are internal to the system and thus 


cancel each other out. 


Conservation of Linear Momentum: Since the resultant of the impulsive force is 


zero, the linear momentum of the system is conserved along the x axis. The initial 


speed of the truck is (vi = [3000 mye = 8.333 m/s. 
(=) mhv) 375 mc(vc)i = (m, + mc)vs 


2500(8.333) + 0 = (2500 + 1500)v; 


Kinetic Energy: The initial and final kinetic energy of the system is 


1 1 
T, = 2 mv)? + 2 mee)” 


ll 


1 
2 (2500)(8.3337) + 0 


86 805.56 J 


ll 


and 


T = (m, + mow’ 
1 2 
= 5 (2500 + 1500)(5.208") 


54 253.47 


ll 


Thus, the loss of energy during the impact is 


AE = T, - T; = 86 805.56 — 54 253.47 = 32.55(10°) J = 32.6 kJ 


Ans. 


Ans. 


15-41. 


The block has a mass of 50 kg and rests on the surface of the 
cart having a mass of 75 kg. If the spring which is attached to 
the cart and not the block is compressed 0.2 m and the system 
is released from rest, determine the speed of the block 
relative to the ground after the spring becomes undeformed. 
Neglect the mass of the cart’s wheels and the spring in the 
calculation. Also neglect friction. Take k = 300 N/m. 


SOLUTION 
T, + Vi < و۷ + و7‎ 
(0+ 0) + 1 0002 E 5 (50)(0)? + UL 
12 = 50% + 75 v% ا ا‎ 
(4)  Emw- Em, 
0 + 0 = 50 وه‎ — 75v, 


wy = 1.5v. 


ll 


v. = 0.253 m/s > 


P Ans 


15-42. 


The block has a mass of 50 kg and rests on the surface of 
the cart having a mass of 75 kg. If the spring which is 
attached to the cart and not the block is compressed 0.2 m 
and the system is released from rest, determine the speed 
of the block with respect to the cart after the spring becomes 
undeformed. Neglect the mass of the wheels and the spring 
in the calculation. Also neglect friction. Take k = 300 N/m. 


SOLUTION 


T, + Vi 
1 1 1 
(0 + 0) + z (300)(0.2)" = 5 69 () + 505) 


122 = 


(5) 


= T+ V2 


50 v + 75 ue 

2711110 = Em, 

0 + 0 = 50 رن‎ - 75v, 
Up = 1.5v. 


v, = 0.253 m/s >- 


ll 


Up = 0.379 m/s — 
Vp = Ve + Vb/c 


0.379 = -0253 + vy, 


Ans. 


15-44. 


The cart has mass M and rolls freely down the slope. When it reaches the bottom, a 
spring loaded gun fires a ball of mass M; out the back with a horizontal velocity vpe 


measured relative to the cart. Determine the final velocity of the cart. 


Given: 
M =3 kg h = 
Mr = 0.5 k 
1 g g- 
m 
Vbe = 0.6 — 
5 
Solution: 


vı = N2gh 


(M+ ر(ر/۸‎ = Mv. + Mi(ve E Vie) 


Mı 
Ve = Vp Y, Ans. 
c I M+M; be 


15-46. 


The boy 8 jumps off the canoe at A with a velocity vg, relative to the canoe as shown. If 


he lands in the second canoe C, determine the final speed of both canoes after the motion. 
Each canoe has a mass M,. The boy's mass is Mg, and the girl D has a mass Mp. Both 
canoes are originally at rest. 


Given: 
M, = 40 kg 
Mpg = 30 kg 
Mp = 25 kg 
m 
VBA = 5 — 
5 
6 = 30 deg 
Solution: 
Guesses ۲۷۸ = 1 = vo = 1 = 
5 5 
Given 0 = Meva + 0507 + VBA cos(@)) 


Mp(va + VBA cos(6)) = (M. + Mpg + Mp)vc 


9 = Find(v4, vc) Ans. 
vc 


15-48. 


Blocks A and B have masses m, and mg respectively. They are placed on a smooth surface and 


the spring connected between them is stretched a distance d. If they are released from rest, 
determine the speeds of both blocks the instant the spring becomes unstretched. 


Given: 
k 
m _ | سس‎ TT 
mp = 60 kg 
07 < 2m 
N 
k = 180 — 
m 
5 m m ۲ 
Solution: Guesses v=l— vg =-l— Given 
5 5 
momentum 0 = m4v4-4 mpvp 
1 1 2 1 2 
ener zig =—myv4 + —mpgv 
gy 2 2 AYA 2 BVB 


i = Find(v4, vg) Ans. 


VB 


15-51. 


The 20-kg package has a speed of 1.5 m/s when it is deliv- سم‎ 
ered to the smooth ramp. After sliding down the ramp it 
lands onto a 10-kg cart as shown. Determine the speed of the 
cart and package after the package stops sliding on the cart. 


i 


سح 
n‏ 


SOLUTION 


: - 


Conservation of Energy: With reference to the datum set in Fig. a, the gravitational 
potential energy of the package at positions (1) and (2) are 
)۷ رل‎ = mgh, = 20(9.81)(2) = 392.4 J and (V,); = mgh = 0. 


11 + V4 = T; + V5 
1 2 1 2 
5 (pi + (V) = 2 mp) + (Vào 


5 (20)(1.5") + 392.4 = 5 COo) + 0 


(vp)? = 6.441 m/s > 
Conservation of Linear Momentum: Referring to the free-body diagram of the 
package and cart system shown in Fig. b, the linear momentum is conserved along 


the x axis since no impulsive force acts along it. The package stops sliding on the cart 
when they move with a common speed. At this instant, 


(4) mp(vp); + mc(Vc), = (mp + mow 


20(6.441) + 0 = (20 + 10)v 


v = 4.29 m/s —— Ans. 


V 20608 


X 


15-55. The 75-kg boy leaps off cart A with a horizontal 
velocity of v’ =3m/s measured relative to the cart. 
Determine the velocity of cart A just after the jump. If he 
then lands on cart B with the same velocity that he left cart 
A, determine the velocity of cart B just after he lands on it. 
Carts A and B have the same mass of 50 kg and are 
originally at rest. 


Free-Body Diagram: The free-body diagram of the man and cart system when the 
man leaps off and lands on the cart are shown in Figs. a and b, respectively. The pair 
of impulsive forces F, and F, generated during the leap and landing are internal to 
the system and thus cancel each other. 


Kinematics: Applying the relative velocity equation, the relation between the 
velocity of the man and cart A just after leaping can be determined. 


Vin = Va + Vin/A 
(È) (v2 = (va); +3 (1) 


Conservation of Linear Momentum: Since the resultant of the impulse forces along 
the x axis is zero, the linear momentum of the system is conserved along the x axis 
for both cases. When the man leaps off cart A, 


(E) اس‎ + malva)i = ma(Ym)2  ma(va)a N 
0 + 0 = 75(v,); + 50(v4)2 (A) 
(¥m)2 = —0.6667(v4); 

Solving Eqs. (1) and (2) yields 
(v4); = -1.80 m/s = 1.80 m/s > 
(v) = 120 m/s < 

Using the result of (v,,); and considering the man’s landing on cart B, 


CE) Mm(vm)2 kd mp(vg)i = (my, ki mg)v 


75(1.20) + 0 = (75 + 50)v 


v = 0.720 m/s — Ans. 


15-105. 


The ball B has mass M and is attached to the end of a rod whose mass may be neglected. If the 
rod is subjected to a torque M= ar? + bt +c, determine the speed of the ball when ¢ = t,. The ball 
has a speed v = vy when t = 0. 


Given: 
M = 10 kg 
Nm 
حدق دم‎ 
2 
5 
N-m 
b = 5 ج‎ 
5 
c=2 Nm 
fı = 2s 
m 
yg 2 2 — 
5 
L=15m 
Solution: Principle of angular impulse momentum 


Ji 
Mw. | af +bt+cdt= MvjL 
0 


11 
1 
VI برد‎ | af +bt+cdt Ans. 
ML 0 


15-106. 


A small particle having a mass m is placed inside the 
semicircular tube. The particle is placed at the position 
shown and released. Apply the principle of angular 
momentum about point O(2Mo = Ho), and show that 
the motion of the particle is governed by the differential 
equation 0 + (g/R) sin 0 = 0. 


SOLUTION 
dHo ; d 
C+=Mo d Rmgsin 0 — WR) 
sin 0 = 
$ dt dP 
But, s = R0 


Thus, g sin 0 = — R8 


or, 6 + (E) sine = o 


Q.E.D. 


yw: mg 


15-107. 


The small cylinder C has mass mç and is attached to the end of a rod whose mass may 


be neglected. If the frame is subjected to a couple M = af? + b, and the cylinder is 
subjected to force F, which is always directed as shown, determine the speed of the 
cylinder when ¢ بر‎ The cylinder has a speed v; when ¢ = 0. 


Given: z 
F 
mc = 20 kg 11-58 1 
m 53 m 
a=8N— i 
2 
5 
d= 0.75 m 
b=5Nm 0 
e=4 i ~, 
۳ M= (at? +b) 
F = 60N 0 
Solution: 


t] 
ncwa+ | af + b dt + سیر‎ = 76۷ 0 


0 de ar 


15-109. 


A small particle having a mass 2 m is placed inside the semicircular tube. The particle is 
placed at the position shown and released. Apply the principle of angular momentum about 
point O (ZM, = Hy), and show that the motion of the particle is governed by the differential 


equation 0" + (g / R) sin 0— 0. 


Solution: 


2۸۸0 = e 
dt 


-R2mg sin( 6) E (am vR) 
t 


2 
: d d 
5101 0) = ——v = -—~ 

gsin(9) = بسح‎ "i 


But s= RO 


Thus, gsin(0) = -R 9" 


5 (sta =0 oe 


15-111. 


The two blocks A and B each have a mass Mọ. The blocks are fixed to the horizontal rods, 


and their initial velocity is v' in the direction shown. If a couple moment of M is applied 
about shaft CD of the frame, determine the speed of the blocks at time t. The mass of the 
frame is negligible, and it is free to rotate about CD. Neglect the size of the blocks. 


Given: 


Mo = 0.4 kg 
a = 0.3 m 
m 
y= 2— 
5 
M = 0.6 Nm 
] < 3 و‎ 
Solution: 


2a Mov' + Mt = 2aMgv 


15-4. 


The baseball has a horizontal speed v; when it is struck by the bat B. If it then travels away 


at an angle © from the horizontal and reaches a maximum height h, measured from the 
height of the bat, determine the magnitude of the net impulse of the bat on the ball. The ball 
has a mass M. Neglect the weight of the ball during the time the bat strikes the ball. 


Given: m 
M = 04 kg / 
m 
v; = 35 — 
5 


6 = 60 deg F / ۷ 
y B / ^ 
— — 
2 F 1 
5 1 1 
Solution: 
We 
Guesses 


m 
v2 =a Imp, = | Ns Imp, = 10 N's 


Given 


5 M(v2sin(0))° = Mgh | -Mv; + Imp, = Mv cos( 0) 0 + Imp, = Mvssin( 6) 


v2 
m Impy 212 
Imp, | = Find(v2, Imp,, Imp;) cp; ۳ Nes 
5 


Impy 


Ans. 


15-10. 


The 50-kg crate is pulled by the constant force P. If the crate 
starts from rest and achieves a speed of 10 m/s in 5 s, deter- 
mine the magnitude of P. The coefficient of kinetic friction 
between the crate and the ground is u, = 0.2. 


SOLUTION 


Impulse and Momentum Diagram: The frictional force acting on the crate is 
F; = uN = 02N. 


Principle of Impulse and Momentum: 
GD omo) + > | Ea 

0 + N(5) + P(5) sin 30° — 50(9.81)(5) = 0 

N = 490.5 — 0.5P (1) 
(5) mode + 2 | He, 

50(0) + P(5) cos 30° — 0.2N(5) = 50(10) 

4.33001 P — N = 500 (2) 
Solving Eqs. (1) and (2), yields 


N = 387.97N 


Ans.‏ 2 و 


504805) 
50)0( P(5) 5000) 


15-11. 


When the 5-kg block is 6 m from the wall, it is sliding at 
vı = 14 m/s. If the coefficient of kinetic friction between 
the block and the horizontal plane is u, = 0.3, determine 
the impulse of the wall on the block necessary to stop the 
block. Neglect the friction impulse acting on the block 
during the collision. 


SOLUTION 


Equation of Motion: The acceleration of the block must be obtained first before 
one can determine the velocity of the block before it strikes the wall. 


N — 5(9.81) = 5(0) N = 49.05 N 


ll 


ma 


+] 2 و‎ ys 


SF, = ma;  —0.3(49.05) = —5a a = 2.943 m/s”‏ جك 


Kinematics: Applying the equation v? = وه‎ + 2a, (s — so) yields 


(5)  s$-1442(-2943(6 -0) v= 12.68 m/s 
Principle of Linear Impulse and Momentum: Applying Eq. 15-4, we have 
12 
mot | F,dt = m(vx)2 
tl 


(3) 5(12.68) — I = 5(0) 


[= BAN: Ans 


6m 


15-12. 


For a short period of time, the frictional driving force acting 
on the wheels of the 2.5-Mg van is Fp = (60027) N, where t 
is in seconds. If the van has a speed of 20 km/h when t = 0, 
determine its speed when 1 = 5s. 


SOLUTION 


Principle of Impulse and Momentum: The initial speed of the van is v = (20002. 


1h 
ui — 5.556 m/s. Referring to the free-body diagram of the van shown in Fig. a, 


(5) — moe + Z f Jia eonun; 


5s 
2500(5.556) + / 600171 = 2500 v; 
0 


m= 156 m/s Ans 


15-13. 


The 2.5-Mg van is traveling with a speed of 100 km/h when 
the brakes are applied and all four wheels lock. If the speed 
decreases to 40 km/h in 5 s, determine the coefficient of 
kinetic friction between the tires and the road. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the van is shown in Fig. a. The frictional 
force is Fy = u,N since all the wheels of the van are locked and will cause the van 
to slide. 


Principle of Impulse and Momentum: The initial and final speeds of the van are 


[nsa‏ بس pin] aenn‏ سس 
Ui KOA 27.78 m/s and v; 40(10°) 7 3600 s 11.11 m/s.‏ 


Referring to Fig. a, 


GN mw), + X f "Rat = mw); 
2500(0) + N(5) — 2500(9.81)(5) = 2500(0) 
N = 24525N 

(2) moe 2 | RES 


2500(27.78) + [-44(24525)(5)] = 2500(11.1) 


PI Ans 


V 
ت‎ 


2500(9-B1)N 


15-19. 


The tennis ball has a horizontal speed v; when it is struck by the racket. If it then travels away 
at angle ۵0 from the horizontal and reaches maximum altitude 7, measured from the height of the 
racket, determine the magnitude of the net impulse of the racket on the ball. The ball has mass 
M. Neglect the weight of the ball during the time the racket strikes the ball. 


Given: 
v; =15— 
5 سس‎ | 
h 
0 = 25 deg Ao 
h=10m 
M = 180 gm 
= 9.81 — 
و‎ = ۰ 2 
5 
; : . V2gh m 
Solution: Free flight vysin(@) = 7 و۷‎ < — (9) v2 = 33.14 — 
sin 5 


Impulse - 
-Mwvi + I; = Mvacos(6) T M(vzcos(6) + vj) JI = 81 N:s 


0 + 1, = Mvzsin( 0) I, = Mvssin(6) 1y = 2.52Ns 


1522. 


A crate of mass M rests against a stop block s, which prevents the crate from moving 
down the plane. If the coefficients of static and kinetic friction between the plane and the 
crate are 4, and 44, respectively, determine the time needed for the force F to give the crate 
a speed v up the plane.The force always acts parallel to the plane and has a magnitude of F 
= at. Hint: First determine the time needed to overcome static friction and start the crate 
moving. 

Given: 


M = 50 kg 0 — 30 deg 


ie Hs = 3 
5 
N Uk = 2 
a = 300 — 
Solution: 
Guesses 1, < 1 و‎ Nc < 1 ۷ 9 < 1 و‎ 


Given Nc- Mgcos( 0) =0 


atı — ts Nc- Mgsin(6) =0 


12 
| (at - Mgsin(6) - UNo) dt = Mv 
11 


11 


t2 | = Find(tj, t5, NC) t] = 1.2428 ET Ans. 


Nc 


15-23. 

The 5-kg block is moving downward at v = 2 m/s when it 
is 8 m from the sandy surface. Determine the impulse of the 
sand on the block necessary to stop its motion. Neglect the 
distance the block dents into the sand and assume the block 


does not rebound. Neglect the weight of the block during 
the impact with the sand. 


SOLUTION 


Just before impact 


T+ 2U-.=T 
FOO + 8(5)(9.81) = 25002 
v = 12.687 m/s 


(+1) my + 3 [rai = m; 


5(12.687) — [ra =0 


MR 


5(9,.81) N 


feat 


Ans. 


15-24. 


The 5-kg block is falling downward at v, = 2 m/s when it is 
8 m from the sandy surface. Determine the average | 

impulsive force acting on the block by the sand if the v, = 2m/s 
motion of the block is stopped in 0.9 s once the block strikes 
the sand. Neglect the distance the block dents into the sand 
and assume the block does not rebound. Neglect the weight 
of the block during the impact with the sand. 


SOLUTION 


Just before impact 


1 + LU,» = DB 


ZOO + 8(5)(981) = FO) 


v = 12.69 m/s 
(+1) m + X [Fd = mv, 


5(12.69) — Fye(0.9) = 0 


BEES Ans 


1525. 


The jet plane has a mass M and a horizontal velocity v; when ¢= 0. If both engines 


provide a horizontal thrust which varies as shown in the graph, determine the plane's 
velocity at time .را‎ Neglect air resistance and the loss of fuel during the motion. 


Units Used: 
Mg = 10? kg F (kN) ۹ 
۱ 
kN = 10 N 
Given: 
M = 250 Mg 
ور‎ = 100 Z t (s) 
5 
f; = 15 5 
a = 200 kN 
kN 
b = 2 — 
2 
5 
Solution: 


11 
mws | a+ bÊ dt = Mv, 
0 


1 
1 1 2 
y] = ۷+ — » + 1 dt Ans. 
M Jo 


15-37. 


The 2.5-Mg pickup truck is towing the 1.5-Mg car using a 
cable as shown. If the car is initially at rest and the truck is 
coasting with a velocity of 30 km/h when the cable is slack, 
determine the common velocity of the truck and the car just 
after the cable becomes taut. Also, find the loss of energy. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the truck and car system is shown in 


Fig. a. Here, W,, Wc, N,, and Nc are nonimpulsive forces. The pair of impulsive forces 
F generated at the instant the cable becomes taut are internal to the system and thus 


cancel each other out. 


Conservation of Linear Momentum: Since the resultant of the impulsive force is 


zero, the linear momentum of the system is conserved along the x axis. The initial 


speed of the truck is (vi = [3000 mye = 8.333 m/s. 
(=) mhv) 375 mc(vc)i = (m, + mc)vs 


2500(8.333) + 0 = (2500 + 1500)v; 


Kinetic Energy: The initial and final kinetic energy of the system is 


1 1 
T, = 2 mv)? + 2 mee)” 


ll 


1 
2 (2500)(8.3337) + 0 


86 805.56 J 


ll 


and 


T = (m, + mow’ 
1 2 
= 5 (2500 + 1500)(5.208") 


54 253.47 


ll 


Thus, the loss of energy during the impact is 


AE = T, - T; = 86 805.56 — 54 253.47 = 32.55(10°) J = 32.6 kJ 


Ans. 


Ans. 


15-41. 


The block has a mass of 50 kg and rests on the surface of the 
cart having a mass of 75 kg. If the spring which is attached to 
the cart and not the block is compressed 0.2 m and the system 
is released from rest, determine the speed of the block 
relative to the ground after the spring becomes undeformed. 
Neglect the mass of the cart’s wheels and the spring in the 
calculation. Also neglect friction. Take k = 300 N/m. 


SOLUTION 
T, + Vi < و۷ + و7‎ 
(0+ 0) + 1 0002 E 5 (50)(0)? + UL 
12 = 50% + 75 v% ا ا‎ 
(4)  Emw- Em, 
0 + 0 = 50 وه‎ — 75v, 


wy = 1.5v. 


ll 


v. = 0.253 m/s > 


P Ans 


15-42. 


The block has a mass of 50 kg and rests on the surface of 
the cart having a mass of 75 kg. If the spring which is 
attached to the cart and not the block is compressed 0.2 m 
and the system is released from rest, determine the speed 
of the block with respect to the cart after the spring becomes 
undeformed. Neglect the mass of the wheels and the spring 
in the calculation. Also neglect friction. Take k = 300 N/m. 


SOLUTION 


T, + Vi 
1 1 1 
(0 + 0) + z (300)(0.2)" = 5 69 () + 505) 


122 = 


(5) 


= T+ V2 


50 v + 75 ue 

2711110 = Em, 

0 + 0 = 50 رن‎ - 75v, 
Up = 1.5v. 


v, = 0.253 m/s >- 


ll 


Up = 0.379 m/s — 
Vp = Ve + Vb/c 


0.379 = -0253 + vy, 


Ans. 


15-44. 


The cart has mass M and rolls freely down the slope. When it reaches the bottom, a 
spring loaded gun fires a ball of mass M; out the back with a horizontal velocity vpe 


measured relative to the cart. Determine the final velocity of the cart. 


Given: 
M =3 kg h = 
Mr = 0.5 k 
1 g g- 
m 
Vbe = 0.6 — 
5 
Solution: 


vı = N2gh 


(M+ ر(ر/۸‎ = Mv. + Mi(ve E Vie) 


Mı 
Ve = Vp Y, Ans. 
c I M+M; be 


15-46. 


The boy 8 jumps off the canoe at A with a velocity vg, relative to the canoe as shown. If 


he lands in the second canoe C, determine the final speed of both canoes after the motion. 
Each canoe has a mass M,. The boy's mass is Mg, and the girl D has a mass Mp. Both 
canoes are originally at rest. 


Given: 
M, = 40 kg 
Mpg = 30 kg 
Mp = 25 kg 
m 
VBA = 5 — 
5 
6 = 30 deg 
Solution: 
Guesses ۲۷۸ = 1 = vo = 1 = 
5 5 
Given 0 = Meva + 0507 + VBA cos(@)) 


Mp(va + VBA cos(6)) = (M. + Mpg + Mp)vc 


9 = Find(v4, vc) Ans. 
vc 


15-48. 


Blocks A and B have masses m, and mg respectively. They are placed on a smooth surface and 


the spring connected between them is stretched a distance d. If they are released from rest, 
determine the speeds of both blocks the instant the spring becomes unstretched. 


Given: 
k 
m _ | سس‎ TT 
mp = 60 kg 
07 < 2m 
N 
k = 180 — 
m 
5 m m ۲ 
Solution: Guesses v=l— vg =-l— Given 
5 5 
momentum 0 = m4v4-4 mpvp 
1 1 2 1 2 
ener zig =—myv4 + —mpgv 
gy 2 2 AYA 2 BVB 


i = Find(v4, vg) Ans. 


VB 


15-51. 


The 20-kg package has a speed of 1.5 m/s when it is deliv- سم‎ 
ered to the smooth ramp. After sliding down the ramp it 
lands onto a 10-kg cart as shown. Determine the speed of the 
cart and package after the package stops sliding on the cart. 


i 


سح 
n‏ 


SOLUTION 


: - 


Conservation of Energy: With reference to the datum set in Fig. a, the gravitational 
potential energy of the package at positions (1) and (2) are 
)۷ رل‎ = mgh, = 20(9.81)(2) = 392.4 J and (V,); = mgh = 0. 


11 + V4 = T; + V5 
1 2 1 2 
5 (pi + (V) = 2 mp) + (Vào 


5 (20)(1.5") + 392.4 = 5 COo) + 0 


(vp)? = 6.441 m/s > 
Conservation of Linear Momentum: Referring to the free-body diagram of the 
package and cart system shown in Fig. b, the linear momentum is conserved along 


the x axis since no impulsive force acts along it. The package stops sliding on the cart 
when they move with a common speed. At this instant, 


(4) mp(vp); + mc(Vc), = (mp + mow 


20(6.441) + 0 = (20 + 10)v 


v = 4.29 m/s —— Ans. 


V 20608 


X 


15-55. The 75-kg boy leaps off cart A with a horizontal 
velocity of v’ =3m/s measured relative to the cart. 
Determine the velocity of cart A just after the jump. If he 
then lands on cart B with the same velocity that he left cart 
A, determine the velocity of cart B just after he lands on it. 
Carts A and B have the same mass of 50 kg and are 
originally at rest. 


Free-Body Diagram: The free-body diagram of the man and cart system when the 
man leaps off and lands on the cart are shown in Figs. a and b, respectively. The pair 
of impulsive forces F, and F, generated during the leap and landing are internal to 
the system and thus cancel each other. 


Kinematics: Applying the relative velocity equation, the relation between the 
velocity of the man and cart A just after leaping can be determined. 


Vin = Va + Vin/A 
(È) (v2 = (va); +3 (1) 


Conservation of Linear Momentum: Since the resultant of the impulse forces along 
the x axis is zero, the linear momentum of the system is conserved along the x axis 
for both cases. When the man leaps off cart A, 


(E) اس‎ + malva)i = ma(Ym)2  ma(va)a N 
0 + 0 = 75(v,); + 50(v4)2 (A) 
(¥m)2 = —0.6667(v4); 

Solving Eqs. (1) and (2) yields 
(v4); = -1.80 m/s = 1.80 m/s > 
(v) = 120 m/s < 

Using the result of (v,,); and considering the man’s landing on cart B, 


CE) Mm(vm)2 kd mp(vg)i = (my, ki mg)v 


75(1.20) + 0 = (75 + 50)v 


v = 0.720 m/s — Ans. 


15-105. 


The ball B has mass M and is attached to the end of a rod whose mass may be neglected. If the 
rod is subjected to a torque M= ar? + bt +c, determine the speed of the ball when ¢ = t,. The ball 
has a speed v = vy when t = 0. 


Given: 
M = 10 kg 
Nm 
حدق دم‎ 
2 
5 
N-m 
b = 5 ج‎ 
5 
c=2 Nm 
fı = 2s 
m 
yg 2 2 — 
5 
L=15m 
Solution: Principle of angular impulse momentum 


Ji 
Mw. | af +bt+cdt= MvjL 
0 


11 
1 
VI برد‎ | af +bt+cdt Ans. 
ML 0 


15-106. 


A small particle having a mass m is placed inside the 
semicircular tube. The particle is placed at the position 
shown and released. Apply the principle of angular 
momentum about point O(2Mo = Ho), and show that 
the motion of the particle is governed by the differential 
equation 0 + (g/R) sin 0 = 0. 


SOLUTION 
dHo ; d 
C+=Mo d Rmgsin 0 — WR) 
sin 0 = 
$ dt dP 
But, s = R0 


Thus, g sin 0 = — R8 


or, 6 + (E) sine = o 


Q.E.D. 


yw: mg 


15-107. 


The small cylinder C has mass mç and is attached to the end of a rod whose mass may 


be neglected. If the frame is subjected to a couple M = af? + b, and the cylinder is 
subjected to force F, which is always directed as shown, determine the speed of the 
cylinder when ¢ بر‎ The cylinder has a speed v; when ¢ = 0. 


Given: z 
F 
mc = 20 kg 11-58 1 
m 53 m 
a=8N— i 
2 
5 
d= 0.75 m 
b=5Nm 0 
e=4 i ~, 
۳ M= (at? +b) 
F = 60N 0 
Solution: 


t] 
ncwa+ | af + b dt + سیر‎ = 76۷ 0 


0 de ar 


15-109. 


A small particle having a mass 2 m is placed inside the semicircular tube. The particle is 
placed at the position shown and released. Apply the principle of angular momentum about 
point O (ZM, = Hy), and show that the motion of the particle is governed by the differential 


equation 0" + (g / R) sin 0— 0. 


Solution: 


2۸۸0 = e 
dt 


-R2mg sin( 6) E (am vR) 
t 


2 
: d d 
5101 0) = ——v = -—~ 

gsin(9) = بسح‎ "i 


But s= RO 


Thus, gsin(0) = -R 9" 


5 (sta =0 oe 


15-111. 


The two blocks A and B each have a mass Mọ. The blocks are fixed to the horizontal rods, 


and their initial velocity is v' in the direction shown. If a couple moment of M is applied 
about shaft CD of the frame, determine the speed of the blocks at time t. The mass of the 
frame is negligible, and it is free to rotate about CD. Neglect the size of the blocks. 


Given: 


Mo = 0.4 kg 
a = 0.3 m 
m 
y= 2— 
5 
M = 0.6 Nm 
] < 3 و‎ 
Solution: 


2a Mov' + Mt = 2aMgv 


16-1. 


The angular velocity of the disk is defined by 
w = (5t? + 2) rad/s, where t is in seconds. Determine the 
magnitudes of the velocity and acceleration of point A on 
the disk when t = 0.5 s. 


SOLUTION 
w = )5 2 + 2) rad/s 
t=05s 
w = 3.25 rad/s 
a = 5 rad/s 


er = 3.25(0.8) = 260m/s |‏ = ره 


= ar = 5(0.8) = 4 m/s? 


4 


a, = œr = (3.25) (0.8) = 8.45 m/s 


V(4) + (845) = 935 m/s? |‏ = ره 


Ans. 


Ans. 


16-3. The disk is originally rotating atc = 8 rad/s. If it is 
subjected to a constant angular acceleration of a = 6 rad/s”, 
determine the magnitudes of the velocity and the n and t 
components of acceleration of point A at the instant 
t = 05s. 


w = ۵0 + at 


w = 8 + 6(0.5) = 11 rad/s 


a, = ra; (aa); = 0.6(6) = 36m —— 
a, = r; (aan = (110.6) = POE —— 


@ = 8 rad/s 


Ans. 
Ans. 


Ans. 


16-4. The disk is originally rotating at وه‎ = 8 rad/s. If it 
is subjected to a constant angular acceleration of 
a = 6 20/55, determine the magnitudes of the velocity and 
the n and t components of acceleration of point B just after 
the wheel undergoes 2 revolutions. 


1 


o = w + 20,00 — 00) 


to 
| 


= (8 + 2(6)[2(27) - 0] 


w = 14.66 rad/s 


vg = wr = 1466(045) = 660m/s —— 
(ag); = ar = 6(0.45) = 27 m/e 0 
(ag), = مه‎ = (14.66)°(0.45) = 96.7 m/s? — 


rad/s‏ 8 = وه 


Ans. 
Ans. 


Ans. 


16-5. 


The figure shows the internal gearing of a “spinner” used for drilling wells. With constant 
angular acceleration, the motor M rotates the shaft S to angular velocity @,,in time t 


starting from rest. Determine the angular acceleration of the drill-pipe connection D and 
the number of revolutions it makes during the start up at f. 


Units Used: 
rev = 2m 
Given: 
oy = 100 — 
min 


rp = 150 mm 


Solution: 
OM = amt 
OM 
QM = — 


Ans. 


Ans. 


۵ 


16-12. 


A motor gives gear A an angular acceleration of 
ره‎ = (0.256? + 0.5) rad/s’, where 0 is in radians. If this 
gear is initially turning at (w4)ọ = 20 rad/s, determine the 
angular velocity of gear B after A undergoes an angular 
displacement of 10 rev. 


SOLUTION 
a, = 0.25 03 + 5 


a 10 = w dw 


207 wa 
/ (0.25 6? + 0.5)d04 = 1 wa dw, 
0 20 


4 207 _ 1 ajoa 
(0.0625 6* + 0.56). = 5 (a) b; 


w4 = 1395.94 rad/s 
QATA — ۵۷ 


1395.94(0.05) = wp (0.15) 


Ans. 


rad/s‏ 20 = و(ره) 


16-13. 


A motor gives gear A an angular acceleration of 
ره‎ = (4) rad/s’, where t is in seconds. If this gear is 
initially turning at (w,4) 9 = 20 rad/s, determine the angular 
velocity of gear B when t = 2s. 


SOLUTION 
ره‎ = + 8 
dw = adt 
OA t 
/ do, = | adt = | 8 
20 0 0 
wa = tf + 0 
When t = 2s, 
ره‎ = 36 rad/s 


Mala 3 ۷ 


36(0.05) = wp (0.15) 


Ans. 


rad/s‏ 20 = و(ره) 


16-17. 


Starting at (w4)o = 3 rad/s, when 0 = 0, s = 0, pulley A is 
given an angular acceleration a = (0.60) 120/52, where 0 is 
in radians. Determine the speed of block B when it has 
risen s — 0.5 m. The pulley has an inner hub D which is 
fixed to C and turns with it. 


SOLUTION 
Qa = 0.604 
0.5 
0c = 0.075 = 6.667 rad 


0 )0.05( = (6.667)(0.15) 
04 = 20 rad 


ad0 = wdw 


20 wA 
/ 0.60 4d0 4 = f wadwa 
0 3 


2 1 
5 - وس = 120 


rad/s‏ 15.780 = ره 
(0.15)عس = )15.780(0.05 


cc = 5.260 rad/s 


vp = 5.260(0.075) = 0.394 m/s Ans. 


16-18. 


Starting from rest when s = 0, pulley A is given a constant 
angular acceleration a, = 6 rad/s. Determine the speed of 
block B when it has risen s = 6 m. The pulley has an inner 
hub D which is fixed to C and turns with it. 


SOLUTION 


0۸7 = 60 


6(50) = ac(150) 


oc = 2 rad/s? 

ag = acrg = 2(0.075) = 0.15 m/s? 
(+1) w= wt 2a,(s - so) 

v = 0 + 2(0.15)(6 — 0) 


16-20. 


The operation of “reverse” for a three-speed automotive 
transmission is illustrated schematically in the figure. If the 
crank shaft G is turning with an angular speed of 60 rad/s, 
determine the angular speed of the drive 
shaft H. Each of the gears rotates about a fixed axis. Note 
that gears A and B, C and D, E and F are in mesh. The radii 
of each of these gears are reported in the figure. 


SOLUTION 
60(90) = وه‎ (30) 
wgc = 180 rad/s 
180(30)  50)هورم(‎ 
c pg = 108 rad/s 


108(70) = (60) (wy) 


HS 


Ans. 


A 


wg = 60 rad/s 
حت‎ 
B 


16-29. 


The mechanism for a car window winder is shown in the figure. Here the handle turns the 
small cog C, which rotates the spur gear S, thereby rotating the fixed-connected lever AB 
which raises track D in which the window rests. The window is free to slide on the track. 
If the handle is wound with angular velocity c, determine the speed of points A and E and 


the speed v, of the window at the instant & 


Given: 
rad 


rc = 20 mm‏ كك 


6 = 30 deg rs = 50 mm 


r4 = 200 mm 
Solution: 
VC = TC 
m 
vc = 0.01 — 
5 
VG 
0 = سب‎ 
Fs 
rad 
Os = 0.2 سب‎ 


S 


VA = VE = ۸ 


Points A and E move along circular paths. The vertical component closes the window. 


Vw — VA cos( ó) m Ans. 


16-38. 
A motor gives disk A a clockwise angular acceleration o, = at’ + b. If the initial angular 
velocity of the disk is ,ره‎ determine the magnitudes of the velocity and acceleration of block B 


when t 7 .رغ‎ 
Given: 60 
d d 
gum üpc6 .  p=015m 
4 5 
5 
rad 
b = 1.5 — 1, < 4 5 
2 
5 
Solution: 


2 
a4 =at; +b 


a 
0 = Str + b11 + ap 


VB = ۴ Ans. 


16-58. 


The wheel is rotating with an angular velocity œ. Determine the velocity of the collar A 
for the given values of 0 and ۸, 


Given 
0 = 30 deg 
# = 60 deg 
0-28 ii 
5 
r4 = 500 mm 


Solution: 
d 
Guesses O4p = 1 = م۷‎ = 1 — 
5 5 
0 و‎ cos( 0 0 TA cos( 4) v4 
Given 0 |x] rpsin(@) |+| 0 |x| rysin(d) | =| 0 
-0 0 OAB 0 0 


OAB . rad 
= Find(o45., v4) QAp = —4.16 سب‎ Ans. 
VA 5 


16-59. 


If rod CD is rotating with an angular velocity cc, determine the angular velocities of 
rods AB and BC at the instant shown. 


Given: 
opc = 8 سب‎ r4p = 150 mm 
0; = 45 deg rpc = 400 mm 


05 = 30 deg rcp = 200 mm 


Solution: 
Guesses 
0; = 20 deg nig jn موه‎ 
5 5 
Given 
FAB sin (07) = rgcsin( 03) *t rcp sin( 02) =0 
0 - CD cos( 0») 0 -r gccos( 3) 0 - AB cos( 01) 
0 x -r cp sin(0 2) + 0 x r gcsin(6 3) + 0 x -r 4psin(6 j) =0 
® DC 0 © BC 0 ®.AB 0 
05 
045 | = Find(65, 04B, opc) 0; = 31.01 deg Ans. 
OBC 


Ans. 


16-60. 


The epicyclic gear train consists of the sun gear A which is 
in mesh with the planet gear B. This gear has an inner hub C 
which is fixed to B and in mesh with the fixed ring gear R. If 
the connecting link DE pinned to B and C is rotating at 
mpg = 18 rad/s about the pin at E, determine the angular 
velocities of the planet and sun gears. 


SOLUTION 

up = rpg pg = (0.5)(18) = 9 m/s Î 

The velocity of the contact point P with the ring is zero. 
Vp = Vp + @ X مرو‎ 

9j = 0 + (—og k) X (—0.1i) 

Let P' be the contact point between A and B. 


Vp = Vp t ۵ x p/p 


vp j = 0 + (—90k) x (—0.4i) 


Up = 36 m/s 1 


m LEES 180 rad/s 9 
= = = Ans. 
A FA 02 ns 


16-64. 


At the instant shown, the truck is traveling to the right at speed v, while the pipe is rolling 
counterclockwise at angular velocity @ without slipping at B. Determine the velocity of the pipe’ 
s center G. 


Given: 
m 
v=3— 
5 
rad 
@ = 8 سب‎ 
5 
r=15m 
Solution: 


16-65. 


At the instant shown, the truck is traveling to the right at speed v. If the spool does not slip at B, 
determine its angular velocity so that its mass center G appears to an observer on the ground to 
remain stationary. 


Given: 
m 
y28— 
5 
r=15m 
Solution: 


V 
VG = V+ VGB 0 < ۷ - ۳ Q--— 
۳ 


16-69. 


If the gear rotates with an angular velocity of w = 10 rad/s 
and the gear rack moves at vc = 5 m/s, determine the 
velocity of the slider block A at the instant shown. 


SOLUTION 


General Plane Motion: Referring to the diagram shown in Fig. a and applying the 
relative velocity equation, 


vc—5m/s C 


Vg = Vc + w X FB/C 


ll 


—5i + (—10k) x (0.075j) 


ll 


[—4.25i] m/s 
Then, applying the relative velocity equation to link AB shown in Fig. b, 
VA = Vg + Wap X FA/B 
vaj = —4.25i + (-wygk) X (—0.5 cos 6001+ 0.5 sin 60°j) 
vaj = (0.433043 — 425( + 0.25 ژر‎ 
Equating the i and j components, yields 
0 = 0.433004, — 4.25 (1) 
va = 025045 Q) 
Solving Eqs. (1) and (2) yields 


wag = 9.815 rad/s 


16-72. 
Determine the velocity of the center O of the spool when the 


cable is pulled to the right with a velocity of v. The spool rolls 
without slipping. 


SOLUTION 


Kinematic Diagram: Since the spool rolls without slipping, the velocity of the 
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a. 


General Plane Motion: Applying the relative velocity equation and referring to Fig. a, 


Vg = Vp + سه‎ X ربولا‎ 


vi = 0 + (-ok) x [(R - rjj] 
vi = o(R — r)i 


Equating the i components, yields 


v= o(R —- r) w= 


Using this result, 


EC pue 


16-73. 
Determine the velocity of point A on the outer rim of the 


spool at the instant shown when the cable is pulled to the 
right with a velocity of v. The spool rolls without slipping. 


SOLUTION 


Kinematic Diagram: Since the spool rolls without slipping, the velocity of the 
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a. 


General Plane Motion: Applying the relative velocity equation and referring to Fig. a, 
Vp = Vp + w X TB/D 
vi = 0 + (ok) x [(R - rjj] 
vi = o(R — r)i 


Equating the i components, yields 


= e(R ¬ r) o= 


Using this result, 


VA = Vp + w X rap 


ll 
> 
+ 

A 
2 
BE 
x 
- 
سس‎ 
x 
N 
E 


Thus, 


(iE) das 


16-74. 


If crank AB rotates with a constant angular velocity of 
wag = 6rad/s, determine the angular velocity of rod BC 
and the velocity of the slider block at the instant shown. The 
rod is in a horizontal position. 


SOLUTION 


Rotation About a Fixed Axis: Referring to Fig. a, 


Up = MAB X FB 


(6k) X (0.3 cos 3001+ 0.3 sin 30°j) 


= [-0.9i + 1.559j] 


General Plane Motion: Applying the relative velocity equation to the kinematic 


diagram of link BC shown in Fig. b, 


Vp — Vc F WBC x FB/C 


(-0.9i + 1.559j) = (—vc cos 60°i — vc sin 60°j) + (—wgck) X (—0.5i) 


0.91 + 1.559j = —0.5vci + (0.5wgc — 0.86600) j 


Equating the i and j components yields 
—0.9 = —0.5vc 


1.559 = 0.5wgc - 6 


Solving Eqs. (1) and (2) yields 


(10 
(2) 


Ans. 


Ans. 


16-80. 


The cylinder B rolls on the fixed cylinder A without slipping. If the connected bar CD is 
rotating with an angular velocity «cp. Determine the angular velocity of cylinder ۰ 


Given: 
rad 
acp = 5 سب‎ 
5 


a = 0.1 m 


b = 0.3 m 


Solution: 


VD = @cp(a + b) 


VD 
OB = — Ans. 
b 


16-83. 


At the instant shown, the disk is rotating at w = 4 rad/s. 
Determine the velocities of points A, B, and C. 


SOLUTION 
The instantaneous center is located at point A. Hence v4 > 0 - 


rcıc = ۷۵15 + 0.15) = 02121 m. ,رو‎ = 03m 
vs = eric = 403) = 12mjs — 


w = 4 5 


B 


Ans. 


Ans. 


Ans. 


16-84. 


If link CD has an angular velocity of «cp = 6 rad/s, 
determine the velocity of point B on link BC and the 
angular velocity of link AB at the instant shown. 


SOLUTION 
Rotation About Fixed Axis: Referring to Fig. a and b, 
Uc = wcprc = 6(0.6) = 3.60 m/s >- 
Up = (1.2)وره = و۲وره‎ 605 (1) 


General Plane Motion: The location of IC for link BC is indicated in Fig. c. From the 
geometry of this figure, 


rcjic = 0.6 tan 30° = 0.3464m 


0.6 
TB/IC = cos 30° = 0.6928 m 


Thus, the angular velocity of link BC can be determined from 


Uc 5 3.60 
TC/IC 0.3464 


= 10.39 rad/s 


BC < 


Then 
vg = روموت‎ = 10.39 (0.6928) = 7.20 m/s ev. — Ans. 
Substitute this result into Eq. (1), 


16-85. 


If link CD has an angular velocity of «cp = 6 rad/s, 
determine the velocity of point E on link BC and the angular 
velocity of link AB at the instant shown. 


SOLUTION 
Uc = wcp (rcp) = (6)(0.6) = 3.60 m/s 


Uc 3.60 


= 103 
OBC rec 0.6 tan 30° i 


0.6 
UB = WBC TB/IC = (10.39) cos 30° = 7.20 m/s 


SAR FAB ( 0.6 ) 
sin 30° 
ve = pc rgjc = 10.39V(0.6 tan 30°% + (0.3)? = 4.76m/s | Ans. 


0.3 
0 = tan? = 40905 Ans. 
3 (sex) 


16-90. If the hub gear H and ring gear R have angular 
velocities بره‎ = 5 rad/s and wr = 20 rad/s, respectively, 


determine the angular velocity وه‎ of the spur gear S and the 
angular velocity of arm OA. 


5 35 
Ol-x x 

x = 0.01304 m 
0.75 


= = Ans. 
9s ^ 0.01304 575 rad/s 5. s 


v4 = 57.5(0.05 — 0.01304) = 2.125 m/s 


2.125 
مه‎ - 22 - m 


=Wele 


= 20 (0.25) = 5m]s 


16-91. If the hub gear H has an angular velocity 
wy = Srad/s, determine the angular velocity of the ring 
gear R so that the arm OA which is pinned to the spur gear 
S remains stationary (wo, = 0). What is the angular 
velocity of the spur gear? 


The /C is at A. 


Ans. 


Ans. 


= 5 60/5 ( 
07s m/s 


16-97. 


The mechanism used in a marine engine consists of a single crank AB and two connecting rods 
BC and BD. Determine the velocity of the piston at C the instant the crank is in the position 
shown and has an angular velocity «45. 


Given: 


B = 45 deg 


Solution: 


d=b 


sin( 6) 


e= سس‎ 


16-98. 


The mechanism used in a marine engine consists of a single crank AB and two connecting rods 
BC and BD. Determine the velocity of the piston at D the instant the crank is in the position 
shown and has an angular velocity @4p. 


Given: 
rad 
@4B = 5 — 
a = 0.2 m 
b = 0.4m 
c=04m 
0 = 45 deg 
م‎ = 30 deg 
y = 60 deg 
p = 45 deg 
Solution: 
in(90 deg — 
dae sin(90 deg - 7) d= 028m 
sin(B) 
in(90 deg + مر‎ 
يوي‎ ae) n 
sin() 
m 
vg = ورم‎ 2 vg = 1.00 — 
5 
VB rad 
OBC = — Opc = 1.83 — 
e 5 


16-103. At the instant shown, the slider block B is 
traveling to the right with the velocity and acceleration 
shown. Determine the angular acceleration of the wheel at 
this instant. 


Velocity Analysis: The angular velocity of link AB can be obtained by using the 
method of instantaneous center of zero velocity. Since v, and vg are parallel, 


T AIC = TB/IC = 00. Thus, OAB — 0. Since wap > 0, VA S= Up > 0.15 m/s. Thus, the 


: : UA 0.15 
angular velocity of the wheel is wy = —— = 0125 ` 1.20 rad/s. 
TOA ۰ 


Acceleration Equation: The acceleration of point A can be obtained by analyzing 
the angular motion of link OA about point O. Here, roy = {0.125j} m. 


44 = aw X IgA — رم بره‎ 
= (ak) x (0.125j) — 1.20? (0.125j) 


= {0.125ayi — 0.18j) m/s? 


Link AB is subjected to general plane motion. Applying Eq. 16-18 with 
15/4 = [0.5 cos 30*i — 0.5 sin 30°F} m = (0.433i — 0.25j} m, we have 


ag = 34 t QAB X FB/A — AB 1۱9/۸ 
0.0751 = 0.125ayi ¬ 0.18j + aggk X )0.4331 — 025j) —0 
0.0751 = ورره0.25)‎ + 0.125ay)i + (0.433043 — 0.18)j 
Equating i and j components, we have 
0.075 = 0.25a 45 + 0.125ay [1] 
0 = 0.433 4p — 0.18 [2] 
Solving Eqs. [1] and [2] yields 


aag = 0.4157 rad/s? 


aw = -02314 rad/s? = 0.231 rad/s 5 Ans. 


— x Ug = 0.15 m/s 


— ag = 0.075 m/s? 


ag = 0.075 m/s? 


16-104. 


The disk is moving to the left such that it has angular acceleration a and angular velocity @ at 
the instant shown. If it does not slip at A, determine the acceleration of point B. 


Given: 
d 
a= 6 کک‎ r = 0.6 م‎ $ó = 45 deg 
5 
d 
م‎ = 4 = 0 = 30 deg 
5 
Solution: 


0 —rcos( 6) 0 0 
0 x| -r sin( 0 + 0 x 0 
a 0 0 0 0 


Ans. 


16-105. 


The disk is moving to the left such that it has angular acceleration c and angular velocity oat 
the instant shown. If it does not slip at A, determine the acceleration of point D. 


Given: 
d 
a= 5 r=06m ۵ 45 deg 
5 
d 
0-24 = 0 = 30 deg 
5 
Solution: 


Ans. 


16-107. 


At a given instant, the slider block A has the velocity and 


deceleration shown. Determine the acceleration of block B ^ 
and the angular acceleration of the link at this instant. 
300 mm 
45? 
y 
SOLUTION E 
5 ۳ 2 
UB 15 ET va 1.5 m/s ديه‎ 16 m/s 
فلك‎ rajc 0.3cos 45° eno mee 
ap = a, tax TB/A = wtp) A 
—agj = 161 + (ak) X (0.3 cos 45*i + 0.3 sin 45°j) — (7.07)? (0.3 cos 45°i + 0.3 sin 45°j) I B 
۷ 
(+) 0 = 16 — a(0.3) sin 45° — (7.07)? (0.3) cos 45° 4s* , 
3m 
۲ A 
+ = 0 — a(0.3) cos 45° + (7.07)? (0. 45° 
(+) ag a(0.3) cos (7.07) (0.3) sin 45 Vel Sols 


Solving: 


LIS E 


Ans. 


16-110. 


At a given instant the wheel is rotating with the angular 
motions shown. Determine the acceleration of the collar at 
A at this instant. 


SOLUTION 

Using instantaneous center method: 
8(0.15 

WAB vb = 4.157 rad/s 


TB/IC 0.5 tan 30° 
a4 = ag t+ ره‎ 


a, < 24 + 9.6 + (4.157)7(0.5) + a(0.5 
رها "مب سان‎ ©) p 


(=) وم 2.4 = مره‎ 60° + 9.6 cos 30° — 8.65 cos 60? — a(0.5) sin 60° 
(+ T) 0 = 24sin 60° — 9.6 sin 30° — 8.65 sin 60° + a(0.5) cos 60° 


a = 40.8 rad/s” 5 

Also: 

a,=agtrax FA/B — Q^ Y ور‎ 

(0.15)(cos 30°)i — (8)?(0.15) sin 30*j + (16)(0.15) sin 3021 + (16)(0.15) cos 30°j‏ )8( = ره 


+ (ak) X (0.5cos 60*i + 0.5sin 60*j) — (4.1577)(0.5cos 60°i + 0.5sin 60°j) 


aa = 8.314 + 1.200 — 0.433» — 4.326 


0- 4.800 + 2.0785 + 0.25a — 7.4935 


a = 40.8 rad/s” 5 


Sm Ans‏ ديه 


On 
x 
05 lib rad/s 
tor 
Coax HAIZ أ‎ 


(b) 


16-116. Gear A is held fixed, and arm DE rotates 
clockwise with an angular velocity of wpg = 6 rad/s and an 
angular acceleration of apg = 3 rad/ s. Determine the 
angular acceleration of gear B at the instant shown. 


Angular Velocity: Arm DE rotates about a fixed axis, Fig. a. Thus, 
VE > عر جرم رن‎ = 6)0.5( = 3 m/s 


The JC for gear B is located at the point where gears A and B are meshed, Fig. b. 
Thus, 


VE 3 
= = — = 15 0 
وه‎ Fone 2 rad/s 


Acceleration and Angular Acceleration: Since arm DE rotates about a fixed axis, 
Fig. c, 


_ 2 
ag = ۵ pg X Fg Ope TE 


(—3k) X (0.5 cos 3091 + 0.5 sin 30° j) — 62 (0.5 cos 30° + 0.5 sin 30° j) 
= [-14.84i — 10.30j] m/s? 


Using these results to apply the relative acceleration equation to points E and F of 
gear B, Fig. d, we have 


_ 2 
ap = ag + Og X IF/E — وه‎ 


ar cos 307i + ar sin 30^j = (—14.84i — 10.30j) + (~ag k) X 
(—0.2 cos 30° i — 0.2 sin 30°j) — 15°(—0.2 cos 3051 — 0.2 sin 30°j) 
مره‎ cos 30° i + ar sin 30°] = (24.13 — 0.1og)i + )0.1732 + 12.20)j 
Equating the i and j components yields 
0.8660a; = 24.13 — 010 


0.56 = 0.1732 + 12.20 


Solving, 


ap = 27 m/s 


(C) 


16-117. Gear A rotates counterclockwise with a constant 
angular velocity of w4 = 10 rad/s, while arm DE rotates 
clockwise with an angular velocity of wp; = 6 rad/s and an 
angular acceleration of apg = 3 rad/ s. Determine the 
angular acceleration of gear B at the instant shown. 


Angular Velocity: Arm DE and gear A rotate about a fixed axis, Figs. a and b. Thus, 


Vg = € pgrg = 6(0.5) = 3 m/s 


Vp = مره‎ = 10(0.3) = 3 m/s 
The location of the /C for gear B is indicated in Fig. c. Thus, 
re/ıc = rjc = 01m 
Then, 


VE 3 
wg = = — = 30 rad/s 
8 TEJIC d / 


Acceleration and Angular Acceleration: Since arm DE rotates about a fixed axis, 
Fig. c, then 


ap = a pp X FE — Ope tg 
= (3k) x (0.5 cos 30^i + 0.5 sin 30° j) — 6? (0.5 cos 30^ i + 0.5 sin 30° j) 


= [-14.84i — 10.30j] m/s? 


Using these results and applying the acceleration equation to points E and F of 
gear B, Fig. e, 


= 2 
ap = ag + ag X IF/E — OB TF/E 


ap cos 3091 + ap sin 30°j = (—14.84i — 10.30j) + (—agk) X 


(—0.2 cos 30° i — 0.2 sin 30°j) — 30°(—0.2 cos 3051 — 0.2 sin 30°j) 
0.8660ari + 0.5ap j = (141.05 — 0.lag)i + (79.70 + [(مه0.1732‎ 
Equating the i and j components yields 
0.86606 = 141.05 — 010 
0.56 = 79.70 + 0.1732 


ap = 162 m/s 


Ope = à rad fe" 
(a) 


16-120. 


The center O of the gear and the gear rack P move with the 
velocities and accelerations shown. Determine the angular 
acceleration of the gear and the acceleration of point B 
located at the rim of the gear at the instant shown. 


SOLUTION 
Angular Velocity: The location of the /C is indicated in Fig. a. Using similar triangles, 
3 2 


1 = 0.09 m 
TO/IC 0.15 - TO/IC 016 


Thus, 
Vo 3 


= = —— = 33.33 rad 
i 701 0.09 ES ۳ 


Acceleration and Angular Acceleration: Applying the relative acceleration 
equation to points O and A and referring to Fig. b, (4) 


a4 = ao + a X rayo — or Ajo 


3i + (a4),j = 6i + (~ak) x (—0.15j) - 33.33:(-0.15j) (den 


3i + (a4)nj = (6 — 0.15a)i + 166.67j 


Equating the i components, 


-3 = 6 - 50 
Using this result, the relative acceleration equation is applied to points O and B, (A), =3 mjs% آله‎ 33.33 rade 


Fig. b, which gives 
(Can 


ag = ao 00ج‎ X 1۳2/0 = Or gio 


(ag)d — (ag),j = 6i + (—60k) x (0.15j) — 33.337(0.15j) (b) 
(ag) — (ag),j = 15i ¬ 166.67j 

Equating the i and j components, 
(ag), = 15 m/s? (ag), = 166.67 m/s 

Thus, the magnitude of ag is 


ap = V (ag? ۲ (ag), = 1/152 + 166.672 = 167 m/s? Ans. 


and its direction is 


0 ran e 5 tas (ES 


(aa: 15 ) = 84.9? ك‎ 


16-122. 


Pulley A rotates with the angular velocity and angular 
acceleration shown. Determine the angular acceleration of 
pulley B at the instant shown. 


SOLUTION 


Angular Velocity: Since pulley A rotates about a fixed axis, 
Uc = wara = 40(0.05) = 2 m/s 1 
The location of the JC is indicated in Fig. a. Thus, 


He 2 cdi 
T dene 0175 i 


Acceleration and Angular Acceleration: For pulley A, 


(ac), = aara = 5(0.05) = 0.25 m/s? 1 


Using this result and applying the relative acceleration equation to points C and D 
by referring to Fig. b, 


= 2 
ap = ac + ag X ID/c — OB T pc 


(ap),i = (ac) i + 0.25j + (—agk) X (0.175i)—11.437(0.175i) 
(ap),i = [(ac), — 22.86]i + (0.25 — 0.175ap)j 
Equating the j components, 


0 = 025 — 0.175ag 


DS Ans 


4 


@),-0250/* |, 


16-123. 
Pulley A rotates with the angular velocity and angular 


acceleration shown. Determine the acceleration of block E at 
the instant shown. 


SOLUTION 


Angular Velocity: Since pulley A rotates about a fixed axis, 
Uc = wara = 40(0.05) = 2 m/s Î 
The location of the JC is indicated in Fig. a. Thus, 


us : 11.43 rad/s 
"B ree 0175 i 


Acceleration and Angular Acceleration: For pulley A, 
(ac), = aara = 5(0.05) = 0.25 m/s? f 


Using this result and applying the relative acceleration equation to points C and D 
by referring to Fig. b, 


۳ 2 
ap = ac + ag X Fpjc — OB TD/C 


(ap),i = (ac) i + 0.25j + (—agk) X (0.175) — 11.43°(0.175i) 


(ap),i = [(ac), — 22.86]i + (0.25 — ز(مه0.175‎ 


Equating the j components, 
0 = 0.25 — 0.175a و‎ 


ag = 1.429 rad/s = 1.43 rad/s” 


Using this result, the relative acceleration equation applied to points C and E, Fig. b, 


gives 
— 2 
ag = ac + ag X Lec — WB TEC 


agj = [(ac)ni + 0.25j] + (—1.429k) x (0.125%) — 11.432(0.125i) 


ag] = [(ac), — 16.33]i + 0.0714 


Equating the j components, 


| ميرم 


16-1. 


The angular velocity of the disk is defined by 
w = (5t? + 2) rad/s, where t is in seconds. Determine the 
magnitudes of the velocity and acceleration of point A on 
the disk when t = 0.5 s. 


SOLUTION 
w = )5 2 + 2) rad/s 
t=05s 
w = 3.25 rad/s 
a = 5 rad/s 


er = 3.25(0.8) = 260m/s |‏ = ره 


= ar = 5(0.8) = 4 m/s? 


4 


a, = œr = (3.25) (0.8) = 8.45 m/s 


V(4) + (845) = 935 m/s? |‏ = ره 


Ans. 


Ans. 


16-3. The disk is originally rotating atc = 8 rad/s. If it is 
subjected to a constant angular acceleration of a = 6 rad/s”, 
determine the magnitudes of the velocity and the n and t 
components of acceleration of point A at the instant 
t = 05s. 


w = ۵0 + at 


w = 8 + 6(0.5) = 11 rad/s 


a, = ra; (aa); = 0.6(6) = 36m —— 
a, = r; (aan = (110.6) = POE —— 


@ = 8 rad/s 


Ans. 
Ans. 


Ans. 


16-4. The disk is originally rotating at وه‎ = 8 rad/s. If it 
is subjected to a constant angular acceleration of 
a = 6 20/55, determine the magnitudes of the velocity and 
the n and t components of acceleration of point B just after 
the wheel undergoes 2 revolutions. 


1 


o = w + 20,00 — 00) 


to 
| 


= (8 + 2(6)[2(27) - 0] 


w = 14.66 rad/s 


vg = wr = 1466(045) = 660m/s —— 
(ag); = ar = 6(0.45) = 27 m/e 0 
(ag), = مه‎ = (14.66)°(0.45) = 96.7 m/s? — 


rad/s‏ 8 = وه 


Ans. 
Ans. 


Ans. 


16-5. 


The figure shows the internal gearing of a “spinner” used for drilling wells. With constant 
angular acceleration, the motor M rotates the shaft S to angular velocity @,,in time t 


starting from rest. Determine the angular acceleration of the drill-pipe connection D and 
the number of revolutions it makes during the start up at f. 


Units Used: 
rev = 2m 
Given: 
oy = 100 — 
min 


rp = 150 mm 


Solution: 
OM = amt 
OM 
QM = — 


Ans. 


Ans. 


۵ 


16-12. 


A motor gives gear A an angular acceleration of 
ره‎ = (0.256? + 0.5) rad/s’, where 0 is in radians. If this 
gear is initially turning at (w4)ọ = 20 rad/s, determine the 
angular velocity of gear B after A undergoes an angular 
displacement of 10 rev. 


SOLUTION 
a, = 0.25 03 + 5 


a 10 = w dw 


207 wa 
/ (0.25 6? + 0.5)d04 = 1 wa dw, 
0 20 


4 207 _ 1 ajoa 
(0.0625 6* + 0.56). = 5 (a) b; 


w4 = 1395.94 rad/s 
QATA — ۵۷ 


1395.94(0.05) = wp (0.15) 


Ans. 


rad/s‏ 20 = و(ره) 


16-13. 


A motor gives gear A an angular acceleration of 
ره‎ = (4) rad/s’, where t is in seconds. If this gear is 
initially turning at (w,4) 9 = 20 rad/s, determine the angular 
velocity of gear B when t = 2s. 


SOLUTION 
ره‎ = + 8 
dw = adt 
OA t 
/ do, = | adt = | 8 
20 0 0 
wa = tf + 0 
When t = 2s, 
ره‎ = 36 rad/s 


Mala 3 ۷ 


36(0.05) = wp (0.15) 


Ans. 


rad/s‏ 20 = و(ره) 


16-17. 


Starting at (w4)o = 3 rad/s, when 0 = 0, s = 0, pulley A is 
given an angular acceleration a = (0.60) 120/52, where 0 is 
in radians. Determine the speed of block B when it has 
risen s — 0.5 m. The pulley has an inner hub D which is 
fixed to C and turns with it. 


SOLUTION 
Qa = 0.604 
0.5 
0c = 0.075 = 6.667 rad 


0 )0.05( = (6.667)(0.15) 
04 = 20 rad 


ad0 = wdw 


20 wA 
/ 0.60 4d0 4 = f wadwa 
0 3 


2 1 
5 - وس = 120 


rad/s‏ 15.780 = ره 
(0.15)عس = )15.780(0.05 


cc = 5.260 rad/s 


vp = 5.260(0.075) = 0.394 m/s Ans. 


16-18. 


Starting from rest when s = 0, pulley A is given a constant 
angular acceleration a, = 6 rad/s. Determine the speed of 
block B when it has risen s = 6 m. The pulley has an inner 
hub D which is fixed to C and turns with it. 


SOLUTION 


0۸7 = 60 


6(50) = ac(150) 


oc = 2 rad/s? 

ag = acrg = 2(0.075) = 0.15 m/s? 
(+1) w= wt 2a,(s - so) 

v = 0 + 2(0.15)(6 — 0) 


16-20. 


The operation of “reverse” for a three-speed automotive 
transmission is illustrated schematically in the figure. If the 
crank shaft G is turning with an angular speed of 60 rad/s, 
determine the angular speed of the drive 
shaft H. Each of the gears rotates about a fixed axis. Note 
that gears A and B, C and D, E and F are in mesh. The radii 
of each of these gears are reported in the figure. 


SOLUTION 
60(90) = وه‎ (30) 
wgc = 180 rad/s 
180(30)  50)هورم(‎ 
c pg = 108 rad/s 


108(70) = (60) (wy) 


HS 


Ans. 


A 


wg = 60 rad/s 
حت‎ 
B 


16-29. 


The mechanism for a car window winder is shown in the figure. Here the handle turns the 
small cog C, which rotates the spur gear S, thereby rotating the fixed-connected lever AB 
which raises track D in which the window rests. The window is free to slide on the track. 
If the handle is wound with angular velocity c, determine the speed of points A and E and 


the speed v, of the window at the instant & 


Given: 
rad 


rc = 20 mm‏ كك 


6 = 30 deg rs = 50 mm 


r4 = 200 mm 
Solution: 
VC = TC 
m 
vc = 0.01 — 
5 
VG 
0 = سب‎ 
Fs 
rad 
Os = 0.2 سب‎ 


S 


VA = VE = ۸ 


Points A and E move along circular paths. The vertical component closes the window. 


Vw — VA cos( ó) m Ans. 


16-38. 
A motor gives disk A a clockwise angular acceleration o, = at’ + b. If the initial angular 
velocity of the disk is ,ره‎ determine the magnitudes of the velocity and acceleration of block B 


when t 7 .رغ‎ 
Given: 60 
d d 
gum üpc6 .  p=015m 
4 5 
5 
rad 
b = 1.5 — 1, < 4 5 
2 
5 
Solution: 


2 
a4 =at; +b 


a 
0 = Str + b11 + ap 


VB = ۴ Ans. 


16-58. 


The wheel is rotating with an angular velocity œ. Determine the velocity of the collar A 
for the given values of 0 and ۸, 


Given 
0 = 30 deg 
# = 60 deg 
0-28 ii 
5 
r4 = 500 mm 


Solution: 
d 
Guesses O4p = 1 = م۷‎ = 1 — 
5 5 
0 و‎ cos( 0 0 TA cos( 4) v4 
Given 0 |x] rpsin(@) |+| 0 |x| rysin(d) | =| 0 
-0 0 OAB 0 0 


OAB . rad 
= Find(o45., v4) QAp = —4.16 سب‎ Ans. 
VA 5 


16-59. 


If rod CD is rotating with an angular velocity cc, determine the angular velocities of 
rods AB and BC at the instant shown. 


Given: 
opc = 8 سب‎ r4p = 150 mm 
0; = 45 deg rpc = 400 mm 


05 = 30 deg rcp = 200 mm 


Solution: 
Guesses 
0; = 20 deg nig jn موه‎ 
5 5 
Given 
FAB sin (07) = rgcsin( 03) *t rcp sin( 02) =0 
0 - CD cos( 0») 0 -r gccos( 3) 0 - AB cos( 01) 
0 x -r cp sin(0 2) + 0 x r gcsin(6 3) + 0 x -r 4psin(6 j) =0 
® DC 0 © BC 0 ®.AB 0 
05 
045 | = Find(65, 04B, opc) 0; = 31.01 deg Ans. 
OBC 


Ans. 


16-60. 


The epicyclic gear train consists of the sun gear A which is 
in mesh with the planet gear B. This gear has an inner hub C 
which is fixed to B and in mesh with the fixed ring gear R. If 
the connecting link DE pinned to B and C is rotating at 
mpg = 18 rad/s about the pin at E, determine the angular 
velocities of the planet and sun gears. 


SOLUTION 

up = rpg pg = (0.5)(18) = 9 m/s Î 

The velocity of the contact point P with the ring is zero. 
Vp = Vp + @ X مرو‎ 

9j = 0 + (—og k) X (—0.1i) 

Let P' be the contact point between A and B. 


Vp = Vp t ۵ x p/p 


vp j = 0 + (—90k) x (—0.4i) 


Up = 36 m/s 1 


m LEES 180 rad/s 9 
= = = Ans. 
A FA 02 ns 


16-64. 


At the instant shown, the truck is traveling to the right at speed v, while the pipe is rolling 
counterclockwise at angular velocity @ without slipping at B. Determine the velocity of the pipe’ 
s center G. 


Given: 
m 
v=3— 
5 
rad 
@ = 8 سب‎ 
5 
r=15m 
Solution: 


16-65. 


At the instant shown, the truck is traveling to the right at speed v. If the spool does not slip at B, 
determine its angular velocity so that its mass center G appears to an observer on the ground to 
remain stationary. 


Given: 
m 
y28— 
5 
r=15m 
Solution: 


V 
VG = V+ VGB 0 < ۷ - ۳ Q--— 
۳ 


16-69. 


If the gear rotates with an angular velocity of w = 10 rad/s 
and the gear rack moves at vc = 5 m/s, determine the 
velocity of the slider block A at the instant shown. 


SOLUTION 


General Plane Motion: Referring to the diagram shown in Fig. a and applying the 
relative velocity equation, 


vc—5m/s C 


Vg = Vc + w X FB/C 


ll 


—5i + (—10k) x (0.075j) 


ll 


[—4.25i] m/s 
Then, applying the relative velocity equation to link AB shown in Fig. b, 
VA = Vg + Wap X FA/B 
vaj = —4.25i + (-wygk) X (—0.5 cos 6001+ 0.5 sin 60°j) 
vaj = (0.433043 — 425( + 0.25 ژر‎ 
Equating the i and j components, yields 
0 = 0.433004, — 4.25 (1) 
va = 025045 Q) 
Solving Eqs. (1) and (2) yields 


wag = 9.815 rad/s 


16-72. 
Determine the velocity of the center O of the spool when the 


cable is pulled to the right with a velocity of v. The spool rolls 
without slipping. 


SOLUTION 


Kinematic Diagram: Since the spool rolls without slipping, the velocity of the 
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a. 


General Plane Motion: Applying the relative velocity equation and referring to Fig. a, 


Vg = Vp + سه‎ X ربولا‎ 


vi = 0 + (-ok) x [(R - rjj] 
vi = o(R — r)i 


Equating the i components, yields 


v= o(R —- r) w= 


Using this result, 


EC pue 


16-73. 
Determine the velocity of point A on the outer rim of the 


spool at the instant shown when the cable is pulled to the 
right with a velocity of v. The spool rolls without slipping. 


SOLUTION 


Kinematic Diagram: Since the spool rolls without slipping, the velocity of the 
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a. 


General Plane Motion: Applying the relative velocity equation and referring to Fig. a, 
Vp = Vp + w X TB/D 
vi = 0 + (ok) x [(R - rjj] 
vi = o(R — r)i 


Equating the i components, yields 


= e(R ¬ r) o= 


Using this result, 


VA = Vp + w X rap 


ll 
> 
+ 

A 
2 
BE 
x 
- 
سس‎ 
x 
N 
E 


Thus, 


(iE) das 


16-74. 


If crank AB rotates with a constant angular velocity of 
wag = 6rad/s, determine the angular velocity of rod BC 
and the velocity of the slider block at the instant shown. The 
rod is in a horizontal position. 


SOLUTION 


Rotation About a Fixed Axis: Referring to Fig. a, 


Up = MAB X FB 


(6k) X (0.3 cos 3001+ 0.3 sin 30°j) 


= [-0.9i + 1.559j] 


General Plane Motion: Applying the relative velocity equation to the kinematic 


diagram of link BC shown in Fig. b, 


Vp — Vc F WBC x FB/C 


(-0.9i + 1.559j) = (—vc cos 60°i — vc sin 60°j) + (—wgck) X (—0.5i) 


0.91 + 1.559j = —0.5vci + (0.5wgc — 0.86600) j 


Equating the i and j components yields 
—0.9 = —0.5vc 


1.559 = 0.5wgc - 6 


Solving Eqs. (1) and (2) yields 


(10 
(2) 


Ans. 


Ans. 


16-80. 


The cylinder B rolls on the fixed cylinder A without slipping. If the connected bar CD is 
rotating with an angular velocity «cp. Determine the angular velocity of cylinder ۰ 


Given: 
rad 
acp = 5 سب‎ 
5 


a = 0.1 m 


b = 0.3 m 


Solution: 


VD = @cp(a + b) 


VD 
OB = — Ans. 
b 


16-83. 


At the instant shown, the disk is rotating at w = 4 rad/s. 
Determine the velocities of points A, B, and C. 


SOLUTION 
The instantaneous center is located at point A. Hence v4 > 0 - 


rcıc = ۷۵15 + 0.15) = 02121 m. ,رو‎ = 03m 
vs = eric = 403) = 12mjs — 


w = 4 5 


B 


Ans. 


Ans. 


Ans. 


16-84. 


If link CD has an angular velocity of «cp = 6 rad/s, 
determine the velocity of point B on link BC and the 
angular velocity of link AB at the instant shown. 


SOLUTION 
Rotation About Fixed Axis: Referring to Fig. a and b, 
Uc = wcprc = 6(0.6) = 3.60 m/s >- 
Up = (1.2)وره = و۲وره‎ 605 (1) 


General Plane Motion: The location of IC for link BC is indicated in Fig. c. From the 
geometry of this figure, 


rcjic = 0.6 tan 30° = 0.3464m 


0.6 
TB/IC = cos 30° = 0.6928 m 


Thus, the angular velocity of link BC can be determined from 


Uc 5 3.60 
TC/IC 0.3464 


= 10.39 rad/s 


BC < 


Then 
vg = روموت‎ = 10.39 (0.6928) = 7.20 m/s ev. — Ans. 
Substitute this result into Eq. (1), 


16-85. 


If link CD has an angular velocity of «cp = 6 rad/s, 
determine the velocity of point E on link BC and the angular 
velocity of link AB at the instant shown. 


SOLUTION 
Uc = wcp (rcp) = (6)(0.6) = 3.60 m/s 


Uc 3.60 


= 103 
OBC rec 0.6 tan 30° i 


0.6 
UB = WBC TB/IC = (10.39) cos 30° = 7.20 m/s 


SAR FAB ( 0.6 ) 
sin 30° 
ve = pc rgjc = 10.39V(0.6 tan 30°% + (0.3)? = 4.76m/s | Ans. 


0.3 
0 = tan? = 40905 Ans. 
3 (sex) 


16-90. If the hub gear H and ring gear R have angular 
velocities بره‎ = 5 rad/s and wr = 20 rad/s, respectively, 


determine the angular velocity وه‎ of the spur gear S and the 
angular velocity of arm OA. 


5 35 
Ol-x x 

x = 0.01304 m 
0.75 


= = Ans. 
9s ^ 0.01304 575 rad/s 5. s 


v4 = 57.5(0.05 — 0.01304) = 2.125 m/s 


2.125 
مه‎ - 22 - m 


=Wele 


= 20 (0.25) = 5m]s 


16-91. If the hub gear H has an angular velocity 
wy = Srad/s, determine the angular velocity of the ring 
gear R so that the arm OA which is pinned to the spur gear 
S remains stationary (wo, = 0). What is the angular 
velocity of the spur gear? 


The /C is at A. 


Ans. 


Ans. 


= 5 60/5 ( 
07s m/s 


16-97. 


The mechanism used in a marine engine consists of a single crank AB and two connecting rods 
BC and BD. Determine the velocity of the piston at C the instant the crank is in the position 
shown and has an angular velocity «45. 


Given: 


B = 45 deg 


Solution: 


d=b 


sin( 6) 


e= سس‎ 


16-98. 


The mechanism used in a marine engine consists of a single crank AB and two connecting rods 
BC and BD. Determine the velocity of the piston at D the instant the crank is in the position 
shown and has an angular velocity @4p. 


Given: 
rad 
@4B = 5 — 
a = 0.2 m 
b = 0.4m 
c=04m 
0 = 45 deg 
م‎ = 30 deg 
y = 60 deg 
p = 45 deg 
Solution: 
in(90 deg — 
dae sin(90 deg - 7) d= 028m 
sin(B) 
in(90 deg + مر‎ 
يوي‎ ae) n 
sin() 
m 
vg = ورم‎ 2 vg = 1.00 — 
5 
VB rad 
OBC = — Opc = 1.83 — 
e 5 


16-103. At the instant shown, the slider block B is 
traveling to the right with the velocity and acceleration 
shown. Determine the angular acceleration of the wheel at 
this instant. 


Velocity Analysis: The angular velocity of link AB can be obtained by using the 
method of instantaneous center of zero velocity. Since v, and vg are parallel, 


T AIC = TB/IC = 00. Thus, OAB — 0. Since wap > 0, VA S= Up > 0.15 m/s. Thus, the 


: : UA 0.15 
angular velocity of the wheel is wy = —— = 0125 ` 1.20 rad/s. 
TOA ۰ 


Acceleration Equation: The acceleration of point A can be obtained by analyzing 
the angular motion of link OA about point O. Here, roy = {0.125j} m. 


44 = aw X IgA — رم بره‎ 
= (ak) x (0.125j) — 1.20? (0.125j) 


= {0.125ayi — 0.18j) m/s? 


Link AB is subjected to general plane motion. Applying Eq. 16-18 with 
15/4 = [0.5 cos 30*i — 0.5 sin 30°F} m = (0.433i — 0.25j} m, we have 


ag = 34 t QAB X FB/A — AB 1۱9/۸ 
0.0751 = 0.125ayi ¬ 0.18j + aggk X )0.4331 — 025j) —0 
0.0751 = ورره0.25)‎ + 0.125ay)i + (0.433043 — 0.18)j 
Equating i and j components, we have 
0.075 = 0.25a 45 + 0.125ay [1] 
0 = 0.433 4p — 0.18 [2] 
Solving Eqs. [1] and [2] yields 


aag = 0.4157 rad/s? 


aw = -02314 rad/s? = 0.231 rad/s 5 Ans. 


— x Ug = 0.15 m/s 


— ag = 0.075 m/s? 


ag = 0.075 m/s? 


16-104. 


The disk is moving to the left such that it has angular acceleration a and angular velocity @ at 
the instant shown. If it does not slip at A, determine the acceleration of point B. 


Given: 
d 
a= 6 کک‎ r = 0.6 م‎ $ó = 45 deg 
5 
d 
م‎ = 4 = 0 = 30 deg 
5 
Solution: 


0 —rcos( 6) 0 0 
0 x| -r sin( 0 + 0 x 0 
a 0 0 0 0 


Ans. 


16-105. 


The disk is moving to the left such that it has angular acceleration c and angular velocity oat 
the instant shown. If it does not slip at A, determine the acceleration of point D. 


Given: 
d 
a= 5 r=06m ۵ 45 deg 
5 
d 
0-24 = 0 = 30 deg 
5 
Solution: 


Ans. 


16-107. 


At a given instant, the slider block A has the velocity and 


deceleration shown. Determine the acceleration of block B ^ 
and the angular acceleration of the link at this instant. 
300 mm 
45? 
y 
SOLUTION E 
5 ۳ 2 
UB 15 ET va 1.5 m/s ديه‎ 16 m/s 
فلك‎ rajc 0.3cos 45° eno mee 
ap = a, tax TB/A = wtp) A 
—agj = 161 + (ak) X (0.3 cos 45*i + 0.3 sin 45°j) — (7.07)? (0.3 cos 45°i + 0.3 sin 45°j) I B 
۷ 
(+) 0 = 16 — a(0.3) sin 45° — (7.07)? (0.3) cos 45° 4s* , 
3m 
۲ A 
+ = 0 — a(0.3) cos 45° + (7.07)? (0. 45° 
(+) ag a(0.3) cos (7.07) (0.3) sin 45 Vel Sols 


Solving: 


LIS E 


Ans. 


16-110. 


At a given instant the wheel is rotating with the angular 
motions shown. Determine the acceleration of the collar at 
A at this instant. 


SOLUTION 

Using instantaneous center method: 
8(0.15 

WAB vb = 4.157 rad/s 


TB/IC 0.5 tan 30° 
a4 = ag t+ ره‎ 


a, < 24 + 9.6 + (4.157)7(0.5) + a(0.5 
رها "مب سان‎ ©) p 


(=) وم 2.4 = مره‎ 60° + 9.6 cos 30° — 8.65 cos 60? — a(0.5) sin 60° 
(+ T) 0 = 24sin 60° — 9.6 sin 30° — 8.65 sin 60° + a(0.5) cos 60° 


a = 40.8 rad/s” 5 

Also: 

a,=agtrax FA/B — Q^ Y ور‎ 

(0.15)(cos 30°)i — (8)?(0.15) sin 30*j + (16)(0.15) sin 3021 + (16)(0.15) cos 30°j‏ )8( = ره 


+ (ak) X (0.5cos 60*i + 0.5sin 60*j) — (4.1577)(0.5cos 60°i + 0.5sin 60°j) 


aa = 8.314 + 1.200 — 0.433» — 4.326 


0- 4.800 + 2.0785 + 0.25a — 7.4935 


a = 40.8 rad/s” 5 


Sm Ans‏ ديه 


On 
x 
05 lib rad/s 
tor 
Coax HAIZ أ‎ 


(b) 


16-116. Gear A is held fixed, and arm DE rotates 
clockwise with an angular velocity of wpg = 6 rad/s and an 
angular acceleration of apg = 3 rad/ s. Determine the 
angular acceleration of gear B at the instant shown. 


Angular Velocity: Arm DE rotates about a fixed axis, Fig. a. Thus, 
VE > عر جرم رن‎ = 6)0.5( = 3 m/s 


The JC for gear B is located at the point where gears A and B are meshed, Fig. b. 
Thus, 


VE 3 
= = — = 15 0 
وه‎ Fone 2 rad/s 


Acceleration and Angular Acceleration: Since arm DE rotates about a fixed axis, 
Fig. c, 


_ 2 
ag = ۵ pg X Fg Ope TE 


(—3k) X (0.5 cos 3091 + 0.5 sin 30° j) — 62 (0.5 cos 30° + 0.5 sin 30° j) 
= [-14.84i — 10.30j] m/s? 


Using these results to apply the relative acceleration equation to points E and F of 
gear B, Fig. d, we have 


_ 2 
ap = ag + Og X IF/E — وه‎ 


ar cos 307i + ar sin 30^j = (—14.84i — 10.30j) + (~ag k) X 
(—0.2 cos 30° i — 0.2 sin 30°j) — 15°(—0.2 cos 3051 — 0.2 sin 30°j) 
مره‎ cos 30° i + ar sin 30°] = (24.13 — 0.1og)i + )0.1732 + 12.20)j 
Equating the i and j components yields 
0.8660a; = 24.13 — 010 


0.56 = 0.1732 + 12.20 


Solving, 


ap = 27 m/s 


(C) 


16-117. Gear A rotates counterclockwise with a constant 
angular velocity of w4 = 10 rad/s, while arm DE rotates 
clockwise with an angular velocity of wp; = 6 rad/s and an 
angular acceleration of apg = 3 rad/ s. Determine the 
angular acceleration of gear B at the instant shown. 


Angular Velocity: Arm DE and gear A rotate about a fixed axis, Figs. a and b. Thus, 


Vg = € pgrg = 6(0.5) = 3 m/s 


Vp = مره‎ = 10(0.3) = 3 m/s 
The location of the /C for gear B is indicated in Fig. c. Thus, 
re/ıc = rjc = 01m 
Then, 


VE 3 
wg = = — = 30 rad/s 
8 TEJIC d / 


Acceleration and Angular Acceleration: Since arm DE rotates about a fixed axis, 
Fig. c, then 


ap = a pp X FE — Ope tg 
= (3k) x (0.5 cos 30^i + 0.5 sin 30° j) — 6? (0.5 cos 30^ i + 0.5 sin 30° j) 


= [-14.84i — 10.30j] m/s? 


Using these results and applying the acceleration equation to points E and F of 
gear B, Fig. e, 


= 2 
ap = ag + ag X IF/E — OB TF/E 


ap cos 3091 + ap sin 30°j = (—14.84i — 10.30j) + (—agk) X 


(—0.2 cos 30° i — 0.2 sin 30°j) — 30°(—0.2 cos 3051 — 0.2 sin 30°j) 
0.8660ari + 0.5ap j = (141.05 — 0.lag)i + (79.70 + [(مه0.1732‎ 
Equating the i and j components yields 
0.86606 = 141.05 — 010 
0.56 = 79.70 + 0.1732 


ap = 162 m/s 


Ope = à rad fe" 
(a) 


16-120. 


The center O of the gear and the gear rack P move with the 
velocities and accelerations shown. Determine the angular 
acceleration of the gear and the acceleration of point B 
located at the rim of the gear at the instant shown. 


SOLUTION 
Angular Velocity: The location of the /C is indicated in Fig. a. Using similar triangles, 
3 2 


1 = 0.09 m 
TO/IC 0.15 - TO/IC 016 


Thus, 
Vo 3 


= = —— = 33.33 rad 
i 701 0.09 ES ۳ 


Acceleration and Angular Acceleration: Applying the relative acceleration 
equation to points O and A and referring to Fig. b, (4) 


a4 = ao + a X rayo — or Ajo 


3i + (a4),j = 6i + (~ak) x (—0.15j) - 33.33:(-0.15j) (den 


3i + (a4)nj = (6 — 0.15a)i + 166.67j 


Equating the i components, 


-3 = 6 - 50 
Using this result, the relative acceleration equation is applied to points O and B, (A), =3 mjs% آله‎ 33.33 rade 


Fig. b, which gives 
(Can 


ag = ao 00ج‎ X 1۳2/0 = Or gio 


(ag)d — (ag),j = 6i + (—60k) x (0.15j) — 33.337(0.15j) (b) 
(ag) — (ag),j = 15i ¬ 166.67j 

Equating the i and j components, 
(ag), = 15 m/s? (ag), = 166.67 m/s 

Thus, the magnitude of ag is 


ap = V (ag? ۲ (ag), = 1/152 + 166.672 = 167 m/s? Ans. 


and its direction is 


0 ran e 5 tas (ES 


(aa: 15 ) = 84.9? ك‎ 


16-122. 


Pulley A rotates with the angular velocity and angular 
acceleration shown. Determine the angular acceleration of 
pulley B at the instant shown. 


SOLUTION 


Angular Velocity: Since pulley A rotates about a fixed axis, 
Uc = wara = 40(0.05) = 2 m/s 1 
The location of the JC is indicated in Fig. a. Thus, 


He 2 cdi 
T dene 0175 i 


Acceleration and Angular Acceleration: For pulley A, 


(ac), = aara = 5(0.05) = 0.25 m/s? 1 


Using this result and applying the relative acceleration equation to points C and D 
by referring to Fig. b, 


= 2 
ap = ac + ag X ID/c — OB T pc 


(ap),i = (ac) i + 0.25j + (—agk) X (0.175i)—11.437(0.175i) 
(ap),i = [(ac), — 22.86]i + (0.25 — 0.175ap)j 
Equating the j components, 


0 = 025 — 0.175ag 


DS Ans 


4 


@),-0250/* |, 


16-123. 
Pulley A rotates with the angular velocity and angular 


acceleration shown. Determine the acceleration of block E at 
the instant shown. 


SOLUTION 


Angular Velocity: Since pulley A rotates about a fixed axis, 
Uc = wara = 40(0.05) = 2 m/s Î 
The location of the JC is indicated in Fig. a. Thus, 


us : 11.43 rad/s 
"B ree 0175 i 


Acceleration and Angular Acceleration: For pulley A, 
(ac), = aara = 5(0.05) = 0.25 m/s? f 


Using this result and applying the relative acceleration equation to points C and D 
by referring to Fig. b, 


۳ 2 
ap = ac + ag X Fpjc — OB TD/C 


(ap),i = (ac) i + 0.25j + (—agk) X (0.175) — 11.43°(0.175i) 


(ap),i = [(ac), — 22.86]i + (0.25 — ز(مه0.175‎ 


Equating the j components, 
0 = 0.25 — 0.175a و‎ 


ag = 1.429 rad/s = 1.43 rad/s” 


Using this result, the relative acceleration equation applied to points C and E, Fig. b, 


gives 
— 2 
ag = ac + ag X Lec — WB TEC 


agj = [(ac)ni + 0.25j] + (—1.429k) x (0.125%) — 11.432(0.125i) 


ag] = [(ac), — 16.33]i + 0.0714 


Equating the j components, 


| ميرم 


17-1. 


Determine the moment of inertia /, for the slender rod. The 
rod's density p and cross-sectional area A are constant. 
Express the result in terms of the rod's total mass m. 


SOLUTION 
= | am 
i 7 
- | eA» 
0 
- =p AP x 
m=pAl dx 
Thus, A 1 


17-3. 


Determine the moment of inertia of the thin ring about the 
z axis. The ring has a mass m. 


SOLUTION 


27 
i= / pA(Rd0)R? = 27 pA RÈ 
0 
27 
m= | م‎ ۸ 1 06 < 2 41 
0 


Thus, 


Ans. 


17-10. 


Determine the mass moment of inertia of the pendulum 
about an axis perpendicular to the page and passing through 
point O. The slender rod has a mass of 10 kg and the sphere 
has a mass of 15 kg. 


SOLUTION 


Composite Parts: The pendulum can be subdivided into two segments as shown in 
Fig. a. The perpendicular distances measured from the center of mass of each 
segment to the point O are also indicated. 


Moment of Inertia: The moment of inertia of the slender rod segment (1) and the 
sphere segment (2) about the axis passing through their center of mass can be 


1 2 
computed from (Jg); = ip and (Ic) = gm. The mass moment of inertia of 


each segment about an axis passing through point O can be determined using the 
parallel-axis theorem. 


lo = ZIG F md? 


- E (10)(0.45?) + 1000225) * EOS + 15(0.55*) 


17-12. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m”. 


Composite Parts: The plate can be subdivided into the segments shown in Fig. a. JNZ Ld 
Here, the four similar holes of which the perpendicular distances measured from BY 
their centers of mass to point C are the same and can be grouped as segment (2). 150 mm 150 m 
This segment should be considered as a negative part. 


Mass Moment of Inertia: The mass of segments (1) and (2) are m, = 
(0.4)(0.4)(20) = 3.2 kg and m; = «(0.052)(20) = 0.05 kg, respectively. The mass 
moment of inertia of the plate about an axis perpendicular to the page and passing 
through point C is 


1 1 
ly (3.2.0.4? + 0.42) — 4 7 (0.052:)(0.05?) + 0.057(0.157) 


= 0.07041 kg + m? 


The mass moment of inertia of the wheel about an axis perpendicular to the 
page and passing through point O can be determined using the parallel-axis 
theorem Io = Ic + mad”, where m = m, — m; = 32 — 4(0.057) = 2.5717 kg and 
d = 0.4 sin 45°m. Thus, 


Io = 0.07041 + 2.5717(0.4 sin 45°)? = 0.276 kgm? Ans. 


0 د 
tin, 06.4۲‏ 


@) 


17-16. 


Determine the mass moment of inertia of the thin plate 
about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m’. 


SOLUTION 


Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. 
Since segment (2) is a hole, it should be considered as a negative part. The 
perpendicular distances measured from the center of mass of each segment to the 
point O are also indicated. 


Mass Moment of Inertia: The moment of inertia of segments (1) and (2) are computed 
as m, = 7(0.22)(20) = 0.87 kg and m, = (0.2)(0.2)(20) = 0.8 kg. The moment of 
inertia of the plate about an axis perpendicular to the page and passing through point 
O for each segment can be determined using the parallel-axis theorem. 


lo = Eg s md? 


= ۳ (0.87)(0.22) + 0.8m(0.2") — E (0.8)(0.22 + 0.22) + 0.8(0.22) 


cone Ans 


17-25. 


Determine the greatest possible acceleration of the race car of mass M so that its front 
tires do not leave the ground nor the tires slip on the track. The coefficients of static 
and kinetic friction are 44 and 44 respectively. Neglect the mass of the tires. The car 


has four-wheel drive. 


Given: 


M = 975 kg uş = 0.8 


a=182m ۸ = 6 


b = 220 m g = 981 2 
5 


h = 0.55 m 
Solution: 
Mg 
FB = ug Np 
Guesses 


15 21 وه 1 - ۸ 1 - ۸ 
5 


Given 


Hs Ng + UsN4 = Mag Na+ Ng- Mg =0 


—-N4a + Ng(b - )۾‎ - us Nph = us Nah =0 


NA 
ولا‎ | = Find(N4, Ng. ac) “lal is 7852 
B | = Find(N4, Ng,a = روه‎ = 7.85 — 
6 Ng) 6 a 2 

aG] 
Next assume that the front wheels loose contact with the ground N, = 0 


Guesses Ng=1N Fg=1N ag =1 


Given Fg = Mag Ng- Mg=0 Np(b —a) - Fgh = 0 
NB 


NB 9565 m 
Fg | = Find(Ng, Fg, ac) el I eens N ag? = 6.78 > 
B 5 


4G2 


59 دم زمه عماسم = ag‏ سد 


17-26. 


The jet aircraft has total mass M and a center of mass at G. Initially at take-off the engines 
provide thrusts 27 and 7". Determine the acceleration of the plane and the normal reactions on 
the nose wheel and each of the two wing wheels located at B. Neglect the mass of the wheels 


and, due to low velocity, neglect any lift caused by the wings. 


Units Used: 
3 
Mg = 10° kg 
kN = 10° N 
Given: 


b-2.5m e=6m 


c=23m M = 22 Mg 


d-3m 7-2 ۵ 
8 
lution: B 
Solution: Guesses ag = 1 E By = 1 kN Ay = 1 kN 
5 
Given 71" + 2T = Mag 2B, + 4,- Mg = 0 


-T'b -2Tc - Mgd * AKd * e) = -Mag f 


dG 


m 39 ۱ x = 
A 


y 


f 


17-28. 


The crate of mass m is supported on a cart of negligible mass. Determine the maximum 
force P that can be applied a distance d from the cart bottom without causing the crate to 


tip on the cart. 


Solution: WEE b —| 


Require N, to act at corner B for tipping. 


اه 


P-mag 


Ans. 


17-39. 


The uniform bar of mass m is pin connected to the collar, 
which slides along the smooth horizontal rod. If the collar is 
given a constant acceleration of a, determine the bar’s 
inclination angle 0. Neglect the collar's mass. 


SOLUTION 


Equations of Motion: Writing the moment equation of motion about point A, 


L L 
+My, = (Mpa; mg sino( ©) = ma cos (5) 


o= مس‎ ms 


ma, 


17-43. 


The pipe has a mass M and is held in place on the truck bed using the two boards A and 
B. Determine the acceleration of the truck so that the pipe begins to lose contact at 4 and 
the bed of the truck and starts to pivot about B. Assume board B will not slip on the bed 
of the truck, and the pipe is smooth. Also, what force does board B exert on the pipe 
during the acceleration? 


Units Used: kN = 10 N 


Given: 
M = 460 kg ~ J 
a=05m X m" 
b=03m p o N y o N 
c=04m 
= 981 Z 
S8 = ۰ 2 
5 
. (b 
Solution: 6 = asin| — 
a 
Guesses 


Ng -1N — Ng - 1 


Given 


Ng, = Ma; Ngy = Mg = 0 Npgx(a) cos(6) - Ngyb = 0 


NBx 


B 1 X^ $ Ans. 
at 


Ans. 


17-45. 


The 2-Mg truck achieves a speed of 15 m/s with a constant 
acceleration after it has traveled a distance of 100 m, 
starting from rest. Determine the normal force exerted on 
each pair of front wheels B and rear driving wheels A. Also, 
find the traction force on the pair of wheels at A. The front 


wheels are free to roll. Neglect the mass of the wheels. 


SOLUTION 

Kinematics: The acceleration of the truck can be determined from 
v? = v + 26,5 — so) 
15? = 0 + 2a(100 — 0) 
a = 1.425 m/s 


Equations of Motion: Nj can be obtained directly by writing the moment equation 
of motion about point A. 


+2۶۸ = (Mya; N,(3.5) — 2000(9.81)(2) = —2000(1.125)(0.75) 


Ng = 1072929N = 10.7KN — Ans. 


Using this result and writing the force equations of motion along the x and y axes, 


5 SF, = m(ag)x3 F 4 = 2000(1.125) = 2250N -225kN — Ans. 
+1 SF, = m(ag),; N4 + 10 729.29 — 2000(9.81) = 0 


N, = 8890.71 N = EDEN — Ans. 


2000(F-B1) N 


ور )2000(4/25 


17-46. 


Determine the shortest time possible for the rear-wheel 
drive, 2-Mg truck to achieve a speed of 16 m/s with a 
constant acceleration starting from rest. The coefficient of 
static friction between the wheels and the road surface is 
Hs = 0.8. The front wheels are free to roll. Neglect the mass 
of the wheels. 


SOLUTION 


Equations of Motion: The maximum acceleration of the truck occurs when its rear 
wheels are on the verge of slipping. Thus, F4 = u,N 4 = 0.8N 4. Referring to the 
free-body diagram of the truck shown in Fig. a, we can write 


5 YF, = m(ag)g 0.8N4 = 2000a 00 
+1 رل‎ = m(ag)y; Na + Ng - 2000(9.81) = 0 (2) 
+ ۸ = 0; N (1.5) + 0.8N 4(0.75) - N4(2) = 0 (3) 


Solving Eqs. (1), (2), and (3) yields 

N 4 = 1014828 N Ng = 9471.72 N a = 4.059 m/s? 
Kinematics: Since the acceleration of the truck is constant, we can apply 
(5) ره‎ = vg + at 


16 = 0 + 4.059t 


2, 2000048 


17-51. 


The pipe has a mass of 800 kg and is being towed behind the 
truck. If the acceleration of the truck is a, = 0.5 m/s’, 
determine the angle @ and the tension in the cable. The 
coefficient of kinetic friction between the pipe and the 
ground is u, = 0.1. 


SOLUTION 
حك‎ SF, = ma; —0.1Nc + T cos 45° = 800(0.5) 
+T=F,= may; Nc — 800(9.81) + T sin 45° = 0 
+ ۸ = 0; —0.1Nc(0.4) + T sin (0.4) = 0 
Nc = 6770.9 N 
T = 1523.24N = 1.52 kN Ans. 
pe 0.1(6770.9) 552 
1523.24 


9 = 45° - م‎ = 186° | Ans. 


17-52. 


The pipe has a mass of 800 kg and is being towed behind a 
truck. If the angle 0 = 30°, determine the acceleration of the 
truck and the tension in the cable. The coefficient of kinetic 
friction between the pipe and the ground is u, = 0.1. 


SOLUTION 
- YF, =ma,; T cos45? — 0.1Nc = 800a 


-TZEF,- ma Nc — 800(9.81) + T sin 45° = 


13 
C+SMg = 0:  Tsinl5*04) - 0.1Nc(0.4) = 0 


Nc = 6161N 


Ans. 


Ans. 


foo a 


17-57. 


The 10-kg wheel has a radius of gyration k, = 200 mm. If 
the wheel is subjected to a moment M = (5t) N-m, where t 
is in seconds, determine its angular velocity when 1 = 3s 
starting from rest. Also, compute the reactions which the 
fixed pin A exerts on the wheel during the motion. 


SOLUTION 


SIF, = m(ag)g A, = 0 


+ TIF, =m(ag)y; A, — 10(9.81) = 0 


C+ IM = Ho; 5t = 10(0.2)’a 


Ans. 
Ans. 


Ans. 


Ax 


48.1N 


17-60. A, 


The pendulum consists of a uniform plate of 
mass M, and a slender rod of mass ۰ 
Determine the horizontal and vertical 
components of reaction that the pin O exerts 
on the rod at the instant shown at which time 
its angular velocity is ۵ 


Given: 


Mı = 5 kg a = 0.5 m 


۸ - 2 8  b-202m 


rad 
0 = 3 سب‎ c=03m 
5 
روود‎ is 0 = 30 deg 
2 
5 
Solution: M = ركلا‎ + M? 
c 
1 l | و2012‎ mfa + 3 i 20 
PES, C 
Io = —M;\b + + ۸, + - | *—M. d:= 
EET 1 3 gw M 
rad 
Guesses O, =1N O, =1N eh 7 
5 
; i 2 
Given O, -— Mda sin( 0) + Mdo cos( 6) Mg dcos( 0) = 0, 
2. 
O,- Mg = -Mda cos( 6) + Mdo sin( 0) 
Ox 
: rad 
O, | = Find(O,, Oy, a) a = 13.65 سم‎ Ans. 


17-71. 


The pendulum consists of a 10-kg uniform slender rod and a 
15-kg sphere. If the pendulum is subjected to a torque of 
M = 50N-m, and has an angular velocity of 3 rad/s when 
0 = 45°, determine the magnitude of the reactive force pin 
O exerts on the pendulum at this instant. 


SOLUTION 


Equations of Motion: Since the pendulum rotates about a fixed axis passing 
through point O, [(ac)oAl = o(rc)oa = (0.3), [(ac)s] = a(rc)s = a(0.7), 
[(ac)oAl, = رم(ن) که‎ = (37)(0.3) = 2.7 m/s, and [(ac) s] = و(ع که‎ = (3°)(0.7) = 
6.3 m/ s?. The mass moment of inertia of the rod and sphere about their respective 


1 1 
mass centers are (1G)oA = pm = 35 (100.6) = 03kg: m? and 


2 2 
(Ic)s = sm = چ‎ 050.) — 0.06 kg- m?. Writing the moment equation of 


motion about point O, we have 


+ ولاه‎ = =(M,)o; —10(9.81)cos 45°(0.3) — 15(9.81) cos 45°(0.7) — 50 = 
—10[a(0.3)](0.3) — 0.30 — 15[a(0.7)](0.7) — 0.06a 
a = 16.68 rad/s” 
This result can also be obtained by applying Mo = Ioa, where Io = EIg + md? = 
i5 100.6) + 10(0.32) + =(15)(0.1?) + 15(0.7) = 8.61 kg m?. Thus, 
+= Mo = Ioa; —10(9.81) cos 45°(0.3) — 15(9.81) cos 45°(0.7) — 50 = —8.61a 


a = 16.68 rad/s” 


Using this result to write the force equations of motion along the n and 1 axes, 
ZF, = m(ag); 10(9.81) cos 45° + 15(9.81) cos 45° + O, 
= 10[16.68(0.3)] + 15[16.68(0.7)] 
O, = 51.81 N 
EF, = m(ag); O, — 10(9.81) sin 45? — 15(9.81) sin 45° = 10(2.7) + 15(6.3) 
O, = 294.92 N 


Thus, 


Fo = V/o? + 0,2 = Vsi.s? + 294.92? 


= 299.43 N = 2991 Ans. 


Or 
1OCG-BI) N 


1027) kg: m/s* 


/o[«c0-3)) 


15 [x(0-7)] 


17-72. 


The disk has a mass of 20 kg and is originally spinning at 
the end of the strut with an angular velocity of 
w = 60 rad/s. If it is then placed against the wall, where the 
coefficient of kinetic friction is u, = 0.3, determine the 
time required for the motion to stop. What is the force in 
strut BC during this time? 


SOLUTION 

3 IF, = m(ag,; Fcg sin 30° = N4—0 

+1=F, = m(ag)y; Fcgcos 30° — 20(9.81) + 03N4 = 0 
+۸ = Iga;  03NA(015) = E (20)(0.15) e 


N, = 966N 


a = 193 rad/s” 


C+ w = mo + at 


0 = 60 + (—193)1 


17-73. 


The slender rod of length L and mass m is released from A 
rest when 0 — 0*. Determine as a function of 0 the normal 
and the frictional forces which are exerted by the ledge on 
the rod at A as it falls downward. At what angle 0 does the 


0 
rod begin to slip if the coefficient of static friction at A 15 u? in 


SOLUTION 


Equations of Motion: The mass moment inertia of the rod about its mass center is 


given by Ig = 12 mL’. At the instant shown, the normal component of acceleration 


; L : 
of the mass center for the rod is (ag), = «rg = o (4). The tangential component 


L 
of acceleration of the mass center for the rod is (ag), = ar, = (2). 
G+=M, = (Mo; —m cos o( ©) = ( Sl) | BIG Uu 
A (0 5 5 2 12 UE OUR و‎ 2 8 
38 
a= 2L cos 0 E 
3 L n 
۳ N =p E L 
+/ 2 F, = m(ag) ; mg 6050 - N4 = m coso( =) | Na 2 ۱ 
t ERCA 
Man owe عم‎ OD واس بج‎ 
NEXF, = F,— P E 1 
1" m(ac)n , f mg sing = mM w 2 ( ) Liz 
m [xc] 


Kinematics: Applying equation w dw = a d0, we have 


"oios Ca 
0 € 4w = DEL 


3 
2 Sino 


ll 


[0 


3 
Substitute o? = 5 sin 0 into Eq. (1) gives 


LL ias 


If the rod is on the verge of slipping at A, Fy = uN,. Substitute the data obtained 
above, we have 


5m m 
5 sin 0 1 £ cos 0) 


SM‏ كم 


17-78. 


Block A has a mass m and rests on a surface having a 
coefficient of kinetic friction .سر‎ The cord attached to A 
passes over a pulley at C and is attached to a block B having 
a mass 2m. If B is released, determine the acceleration of A. 
Assume that the cord does not slip over the pulley. The 
pulley can be approximated as a thin disk of radius r and 
mass im. Neglect the mass of the cord. 


SOLUTION 

Block A: 

BF, = ma; Tı = uQmg = ma (1) 
Block B: 

+ IF, = may; 2mg — T; = 2ma Q) 
Pulley C: 

f4EMe.slIga Tyr — Tr = EZ8 


1 
T, - T, = ima (3) 


Substituting Eqs. (1) and (2) into (3), 


1 
2mg — 2ma — (ma + u; mg) = gina (2 - u)g = ws? 


1 
2mg — umg gia + 3ma a= مي‎ we Ans. 


Ta 
2ma 
11 m3 
Ca r 
Ta 
Oy 


17-85. 


The bar has a weight per length of w. If it is rotating in the 
vertical plane at a constant rate w about point O, determine 
the internal normal force, shear force, and moment as a 


function of x and 6. 


SOLUTION 
Forces: 
WX 3 
zc 
Moments: 


Solving (1) and (2), 


® 


(2) 


Ans. 


Ans. 


Ans. 


17-92. 


The spool and wire wrapped around its core have a mass m, and a centroidal radius of 
gyration kç. If the coefficient of kinetic friction at the ground is 44, , determine the 
angular acceleration of the spool when the couple M is applied. 


Given: 
ms = 20 kg 
kg = 250 mm 
Uk = 0.1 
M=30Nm 
ry = 200 mm m,g 
ry = 400 mm Mo ۲ 
DJ - (Qu 
Solution: سه‎ N 
Iu, 
Guesses 
rad 
T=1N Np = 1N a=1 > 
5 
Given 
T - ۸۸۸۷ = 17170 Np = mg = 0 سه‎ ud بوت‎ me a 


T 


T 523 
Ng | = Find(T, Ng, a) M 
B ۰ 


a 


awe Ut 


17-93. 


The spool has mass M and radius of gyration kç. It rests on the inclined surface for 
which the coefficient of kinetic friction is 44. If the spool is released from rest and slips 
at A, determine the initial tension in the cord and the angular acceleration of the spool. 
Given: 


M=75kg kg = 0.380 m 


Hj = 5 a = 0.3 m 


b = 0.6 m 0 = 30 deg 
Mg 
r Mkoga 
WA 7 
RÍ = 
Mag 
un 
Na 
Solution: 
m rad 
Guesses T=1N N4-21N 9 ان‎ ae 
5 5 
Given 
T - Mgsin(6) - uN, = -Mag N4- Mgcos(0) = 0 
2 
Ta- uyN4b = Mkg a ag = aa 
T 
N4 


= Find(T, 4, o, ac) ag = 13947 ene T=359N Ans. 
a 5 


aG 


17-96. 


The spool has a mass of 100 kg and a radius of gyration of 
kg = 0.3 m. If the coefficients of static and kinetic friction 
at A are u, = 0.2 and u, = 0.15, respectively, determine the 
angular acceleration of the spool if P = SON. 


SOLUTION 
جك‎ SF, = m(agy,; 50 + F, = 100ag 
+1=F, = m(ag; N4 — 100(9.81) = 0 
6+۸ = Iga; 50(0.25) — F4(0.4) = [100(0.3)?]a 
Assume no slipping: ag = 0.4a 
ag = 0.520 m/s | NA—981N — F4-2.00N 


Since (F 4)max = 0.2(981) = 1962 N > 2.00 N OK 


s 


f- 50N 
0.25m, 


0.4m 


17-94, 


The assembly consists of a disk of mass mp and a bar of mass m, which is pin connected to the 


disk. If the system is released from rest, determine the angular acceleration of the disk. The 
coefficients of static and kinetic friction between the disk and the inclined plane are ۸۱, and 44 


respectively. Neglect friction at B. 


Given: 
mp = 8 kg L-1m 


mp = 10kg r=03m 


Ms = 6 0 = 30 deg 
m 
uk = 4 g = 9.81 E 


Solution: p= i(2) 


Assume no slip 


Guesses 


Nc=1N Fc=1N 


rad m 1 
Q-1-—— áj = L= mag 
2 2 
5 5 
Fna = IN 
Given 


NcL cos() - mp gL cos(0- 7 - mpg= ۵0۵60 - 9) - mpra —mpagr- maa, 


-Fç + (mp + my)g sin( 6) E (mp T mp)a4 


1 
For= mp a a4 = 0 F max = s NC 


Fe Nc 109.04 
aq | = Find(Nc, Fc, a4, ¢ ,F max) Fc |=] 16.05 N cesa ۳9 
65.43 


17-95. 


The assembly consists of a disk of mass mp and a bar of mass m, which is pin connected to the 


disk. If the system is released from rest, determine the angular acceleration of the disk. The 
coefficients of static and kinetic friction between the disk and the inclined plane are ۸۱, and 44 


respectively. Neglect friction at B. Solve if the bar is removed. 


Given: 


mp = 8 kg L=1m 
mp = 0 kg r = 0.3 m 


deg‏ 30 = 6 0.15 = ولا 


1 
© 
oo 
2 
|3 


Uk = 0.1 g 


Solution: p= 318 
L 
Assume no slip 


Guesses 


Nc=1N Fc=1N 


rad m Mig 
pid ai 

2 2 

5 5 
Fmax = 1 N 


Given 
L -1 2 r 
NcLcos(¢) - mpg Lcos(0 — 4) - PET cos(@- 4) = aD a - 1 0۲ — O 


-] ی‎ + (mp + my)g sin( 0) 5 (mp + m)a4 


1 
Fecr = mp a aA = ra F max = Hs NC 
Nc 
Fc Nc 67.97 
: rad 
aq | = Find(Nc,Fc,44,@,F max) Fc | =| 13.08 ÎN a = 10.90 
5 
a Fax 10.19 
F max 


17-97. 


Solve Prob. 17-96 if the cord and force P = 50N are 
directed vertically upwards. 


SOLUTION 
5 SF, = m(ag)r F4 = 100ag 
+TXF, = m(ag)y; N4 + 50 — 1009.81) = 0 


6+ 98314 = Iga;  50(025) — F4(0.4) = [100(0.3)?]a 


Assume no slipping: ag = 0.4a 


ag = 0.2 m/s? N, = 931N Fa = 20N 


Since (F 4)max = 0.2(931) = 186.2 N > 20N 


Ans. 


OK 


025M 


100C9.80 N 


04m 


17-98. 


The spool has a mass of 100 kg and a radius of gyration 
kg = 0.3 m. If the coefficients of static and kinetic friction 
at A are u, = 0.2 and u, = 0.15, respectively, determine the 
angular acceleration of the spool if P = 600 N. 


SOLUTION 
5 SF, = m(ag),; 600 + F4 = 100ag 
+1=F, = m(ac); N, — 100(9.81) = 0 
۳+ = بهم[‎ 600(0.25) — F4(0.4) = [100(0.3)7]a 
Assume no slipping: ag = 0.4a 
دم‎ 15.6 rad/s? 
ac —624m/? N, = 981N Fy, = 24.0N 


Since (F 4)max = 0.2(981) = 196.2 N > 24.0 N 


Ans. 


OK 


/00 9.81) N 


2 


P=600N 
25۳ 


04 


17-99. 


Wheel C has a mass M; and a radius 

of gyration kc, whereas wheel D has a 

mass M, and a radius of gyration kp. 
Determine the angular acceleration of 

each wheel at the instant shown. 

Neglect the mass of the link and : 
assume that the assembly does not slip f 
on the plane. ۹ 


Given: 


Mı = 60kg r=05m 
M = 40kg a =0.1 m 
kc = 0.4 m b=2m 


kp = 035m 0 = 30 deg 
ma 


Solution: 


Both wheels have the 
same angular 
acceleration. 


Guesses 


=1N‏ و۲ 


ma 
rad 

a = 1 سب‎ 
2 
5 


Aipa 


Given Np 


-Fap(2r - a) + Mygsin(Olr = Mika  Mi(ra)r 


F Ap(2r — a) + Mogsin(6)r - Mzkp a + Mz(ra)r 


FAB 
| ۱ = Find(F4g, a) F 4p = -621N anon Ans. 
a 


17-100. The lawn roller has a mass of 80 kg and a radius 
of gyration kg = 0.175 m. If it is pushed forward with a 
force of 200 N when the handle is at 45°, determine its 
angular acceleration. The coefficients of static and kinetic 
friction between the ground and the roller are u, = 0.12 
and u, = 0.1, respectively. 


È EF, = m(ag)y 200 cos 45° — F4 = 80ag 
+1 رل‎ = m(ag)y; N4 — 80(9.81) — 200 sin 45° = 0 
G-EMg = Iga; F ,(0.2) = 80(0.175)? a 


Assume no slipping: ag = 0.2@ 


۲, = 61.32N 
N, = 926.2 N 
) 4)max = Bs NA = 0.12(926.2) = 111.1 N > 61.32N OK 


200 N 
G 
45° 
200 mm 
A 
يه‎ X 60060 
200 N 
x 
02m 


>| 


17-101. Solve Prob. 17-100 if u, = 0.6 and u, = 0.45. 


È ZF, = mag), 200 cos 45° — F4 = 6 
+1 EF, = m(ac), ; N 4 — 80(9.81) — 200 sin 45° = 0 
G-ZMg- Iga; F 4(0.2) = 80(0.175P a 
Assume no slipping: ag = 0.2 a 
F, = 61.32N 
Na = 926.2N 


(F 4)max = رليم‎ = 0.6(926.2 N) = 555.7 N > 61.32 N OK 


200 N 


0 80086 


17-110. The spool has a mass of 100 kg and a radius of 
gyration of kg = 200 mm about its center of mass G. If a 
vertical force of P = 200 ۲ is applied to the cable, 
determine the acceleration of G and the angular 
acceleration of the spool. The coefficients of static and 
kinetic friction between the rail and the spool are u, = 3 
and u, = 0.25, respectively. 


Equations of Motion: The mass moment of inertia of the spool about its mass center 
is Ig = mkg? = 100(0.2?) = 4 kg- m?. 


È SF, = m(ag); Fp = 100ag (1) 
+1 SF, = ۵ Jj N — 100(9.81) — 200 = 0 N = 1161 N 

) +2۸ = Iga; 200(0.3) — F,(0.15) = 4a (2) 
Kinematics: Assuming that the spool rolls without slipping on the rail, 


ag = arg = a(0.15) (3) 


Solving Eqs. (1) through (3) yields: 


Ans. 


F; = MAN 


Since Fy > ۸۸۷ = 0.3(1181) = 354.3 N, the spool does not slip as assumed. 


300 mm 


۱00008001 T. a. 
0.3m 06 


17-111. The spool has a mass of 100 kg and a radius of 
gyration of kg = 200mm about its center of mass G. If a 
vertical force of P = 500 N is applied to the cable, determine 
the acceleration of G and the angular acceleration of the spool. 
The coefficients of static and kinetic friction between the rail 
and the spool are u, = 0.2 and u, = 0.15, respectively. 


Equations of Motion: The mass moment of inertia of the spool about its mass center 
is Ig = mkg? = 100)022( = 4 kg- m?. 


È SF, = m(ac); Fp 100ag (1) 
+1 EF, = ۵ J N — 100(9.81) — 500 = 0 N = 1481 N 
G-ZMg = Iga; 500(0.3) — F,(0.15) = 4a (2) 
Kinematics: Assuming that the spool rolls without slipping on the rail, 
dg = arg = a(0.15) (3) 
Solving Eqs. (1) through (3) yields: 
a = 24 rad/s” ag = 3.6 m/s” F; = 360 N 


Since F; > u,N = 0.2(1481) = 296.2 N, the spool slips. Thus, the solution must be 
reworked using F; = mN = 0.15(1481) = 222.15 N. Substituting this result into 
Eqs. (1) and (2), 


222.15 = 1004 وه‎ = 2.22 N Ans. 
500(0.3) — 222.15(0.15) = 4a a = 29.17 rad/s? = 29.2 rad/s? Ans. 


0.3m 


1009-81) N 


17-117. 


A cord C is wrapped around each of the two 10-kg disks. If 
they are released from rest, determine the tension in the fixed 
cord D. Neglect the mass of the cord. 


SOLUTION 


For A: 

1 
6+۸ = زمره‎ — T(0.09) = [3 00009? la, 
For B: 


G+) Ms; = Igag;: T(0.09) = [5 (1010.09) مها‎ 
+) SXF, = m(ag 10(9.8) - T = و106‎ 


ap + (agjp) + (apjp)n‏ = وه 
0 + 0.0905 + ,0096 = وم( )+( 
Solving.‏ 
ag = 7.85 m/s?‏ 
aa = 43.6 rad/s?‏ 
ag = 43.6 rad/s”‏ 


A, = 10(9.81) + 19.62 


y 


118N 


(10 


(2) 


(3) 


(4) 


Ans. 


> (agp), 


17-120. 


The 30-kg slender rod AB rests in the position shown when 
the horizontal force P = 50N is applied. Determine the 
initial angular acceleration of the rod. Neglect the mass of 
the rollers. 


SOLUTION 


Equations of Motion: Here, the mass moment of inertia of the rod about its mass 
1 1 

center is I = p” = 75 30)(15°) = 5.625 kg- m?. Writing the moment equations 

of motion about the intersection point A of the lines of action of N4 and Ng and 


using, Fig. a, 
+22۸ = 2) زر(‎ —50(0.15) = 30(ag),(0.75) — 5.625a 

5.625a — 22.5(ag), = 75 (1) 
Kinematics: Applying the relative acceleration equation to points A and G, Fig. b, 


ag = a4 + a X Iga — Qt, A 
(ag) + (ag) = —a4j + (xak) x (-0.75j) — 0 
(ac)d + (ag)yj = —0.75ai — aaj 


Equating the i components, 


(ag), = —0.75a (2) 


Substituting Eq. (2) into Eq. (1), 


a = 3.333 rad/s? = 3.33 rad/s? Ans. 


20(480N 2000 


52۳ 
FORM 20044 


15m 


P =50N<x——@) —- 


Problem # 1 


19-11. A wire of negligible mass is wrapped around the 
outer surface of the 2-kg disk. If the disk is released from 
rest, determine its angular velocity in 3 s. 
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Problem # 2 


- 3-15. 'The 4-kg slender rod rests on a smooth floor. If it is 
kicked so as to receive a horizontal impulse Z = 8N'sat 


point A as shown, determine its angular velocity and the 
speed of its mass center. 


[ < 8 ۷ ۰ و‎ 
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Problem # 3 

19-18. The double pulley consists of two wheels which are 
attached to one another and turn at the same rate. The 
pulley has a mass of 15 kg and a radius of gyration 
kg = 110 mm. If the block at A has a mass of 40 kg, 
determine the speed of the block in 3 s after a constant 
force F = 2 kN is applied to the rope wrapped around the 
inner hub of the pulley. The block is originally at rest. 
Neglect the mass of the rope. 


Solution: 


Rie O.01Sm™ 
Ge 0200 m. 
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Problem # 4 


19-27. The spool has a weight of 750 N (= 75 kg) and a 
radius of gyration ko = 0.6 m. If the block B weighs 600 N 
(= 60 kg), and a force P = 250 N is applied to the cord, 
determine the speed of the block in 5 s starting from rest. 
Neglect the mass of the cord. 


Solution: 


= Mo ok = "Lo "P | Mag EL. 


250 (A) © - من‎ (s) (5) = Ee (Goo > E ادوس‎ E 


3 > Bix 
2) (9€ WS = Mo? bw 


2 
ایل = يلق‎ Dd 2 w+ $465 


TE‏ $5 ا دعكا 
Problem # 5‏ 
The square plate has a mass 7+ and is suspended at‏ .19-30 
its €‏ 


orner A by a cord. If it receives a horizontal impulse Lat 
corner B, determine the location y of the point P about 
which the plate appears to rotate during the impact. 


Solution: 
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Problem # 6 


19-38. The rod has a length L and mass m. A smooth 
collar having a negligible size and one-fourth the mass of 
the rod is placed on the rod at its midpoint. If the rod is 
freely rotating at œ about its end and the collar is released, 
determine the rod’s angular velocity just before the collar 
flies off the rod. Also, what is the speed of the collar as it 
leaves the rod? 


Solution: 


i 
Em, Pa, Wc 
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Problem # 7 


*19-44. The pendulum consists of a 25-N (= QE 
slender rod AB and a 50-N (= 5-kg) wooden block. 4 
projectile weighing 1 N (~ 0.1 kg) is fired into the center, 
the block with a velocity of 300 m/s. If the pendulum | 
initially at rest, and the projectile embeds itself into ن‎ 
block, determine the angular velocity of the pendulum jy, 
after the impact. 3 


Solution: 
-2S 
or goons Mase MAIC 
: ما‎ usm مطسع‎ Cho Mowat = Mag Ma 
NC شا‎ Avot abso AACA 
e E 
^ „Bbm (ene aia ره‎ 


Oma lon mommu iS couse Sec lof, e سف او ويه‎ 
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18-2. 


The wheel is made from a 5-kg thin ring and two 2-kg 
slender rods. If the torsional spring attached to the wheel's 
center has a stiffness k = 2 ۰۳۵/۲۵20, and the wheel is 
rotated until the torque M = 25 N:m is developed, 
determine the maximum angular velocity of the wheel if it 
is released from rest. 


SOLUTION 


Kinetic Energy and Work: The mass moment of inertia of the wheel about point O is 


1 
lo = mar? + 2 — m, 
0 mgr faz 


1 
= 5(0.5°) + 2| -> 2 ?) 
03) + چاه‎ 08 
= 1.5833 kg- m? 
Thus, the kinetic energy of the wheel is 


1 1 
T= 5lo w = 5 (1.5833) o? = 0.79167 w* 


Since the wheel is released from rest, T; = 0. The torque developed is M = k@ = 20. 
Here, the angle of rotation needed to develop a torque of M = 25 N» mis 


20 — 25 0 — 12.5 rad 


The wheel achieves its maximum angular velocity when the spacing is unwound that 
is when the wheel has rotated 0 = 12.5 rad. Thus, the work done by & is 


12.5 rad 
u, = [mao - | 20 d0 
0 


12.5 rad 


= 2 = 156.25 J 


Principle of Work and Energy: 


Tı + Du 4-2 = Tə 
0 + 156.25 = 0.79167 ”س‎ 


18-3. 


The wheel is made from a 5-kg thin ring and two 2-kg slender 
rods. If the torsional spring attached to the wheel’s center has 
a stiffness k = 2 N- m/rad, so that the torque on the center 
of the wheel is M = (20) Nm, where @ is in radians, 
determine the maximum angular velocity of the wheel if it is 
rotated two revolutions and then released from rest. 


SOLUTION 
I; 2 5007 + 5)0.5( = 1.583 
T, + Ui =T, 
An 1 
0+ | 20 00 = 2 (1.583) w 


(4m) = 0.79170 


Ans. 


18-5. 


The spool has a mass of 60 kg and a radius of gyration 
kg = 0.3 m. If it is released from rest, determine how far its 
center descends down the smooth plane before it attains an 
angular velocity of w = 6 rad/s. Neglect friction and the 
mass of the cord which is wound around the central core. 


SOLUTION 


YEA 
A 


Tı F EU,.5 = T> 


0 + 60(9.81) sin 30°(s) = 5 [60(0.3)](6) + 5 (60)[03(6)] 


604.81) N 


18-6. 


Solve Prob. 18-5 if the coefficient of kinetic friction 
between the spool and plane at A is تمر‎ 


SOLUTION 


LO ET. EM 
03 (0.5 — 0.3) 


s4 = 0.666755 


4NEF, = 0; N 4 — 60(9.81) cos 30° = 0 
N 4 = 509.7 N 


Tı F XU -2 i: T5 


0 + 60(9.81) sin 30°(sg) — 0.2(509.7)(0.6667s5) = 160030 


+ 5 (60)[(0.3)(6)P 609-81) N 


s ۳ 


18-15. 


The 50-kg gear has a radius of gyration of 125 mm about its 
center of mass O. If gear rack B is stationary, while the 25-kg 
gear rack C is subjected to a horizontal force of P = 150 N, 
determine the speed of C after the gear's center O has 
moved to the right a distance of 0.3 m, starting from rest. 


SOLUTION 
Kinetic Energy and Work: Referring to Fig. a, 
vc ve 
w= = ~~ << 30 
TC/IC 0.3 ¢ 


Then, 
Vo = 06 > (3.333v¢)(0.15) = 0.5vc 


The mass moment of inertia of the gear about its mass center is Io = mko = 
50(0.125*) = 0.78125 kgm. Thus, the kinetic energy of the system is 


T =T; Tc 


1 1 1 
= mae? t مود‎ t zct 


1 1 1 
= | 600.00)? 5 (078125333 | + 525)? 
= 02 


Since the system is initially at rest, 7, = 0. Referring to Fig. b, Wc, W ,, F, and N do 
no work, while P does positive work. When the center O of the gear travels to the 
right through a distance of so = 0.3 m, P displaces horizontally through a distance 


CHIC 0.3 
: o= (s (3 = 0.6 m. Thus, the work done by P is 


Up = Psp = 150(0.6) = 90 J 


Principle of Work and Energy: 
11 + XU = T; 


0 + 90 = 23.0900 


18-18. 


The disk of mass m, is originally at rest, and 


the spring holds it in equilibrium. A couple 
moment M is then applied to the disk as 
shown. Determine its angular velocity at the 
instant its mass center G has moved distance d 
down along the inclined plane. The disk rolls 
without slipping. 


Given: 


mq = 20 kg 6 = 30 deg 


M=30Nm r=02m 


d-08m g=981 5 
N S 
k = 150 — 
m 
Solution: Guess o-1 Ind 
S 
mag sin( 6) 
Initial stretch in the spring kdo = mggsin( 0) qe do = 0.65ma 
Given 


d . k 2 2 1 2 1 21: 2 
M- + mag dsin( 8) - (a+ do) - do i = مارد‎ + d.e 0 


@ = Find ( o) سس‎ Ans. 


18-20. 


If P = 200 N and the 15-kg uniform slender rod starts from 
rest at 0 = 0°, determine the rod’s angular velocity at the 
instant just before 0 = 45°. 


SOLUTION 


Kinetic Energy and Work: Referring to Fig. a, 


FA/IC = 0.6 tan 45° = 0.6m 


Then 


roic = V0.3” + 0.6” = 0.6708 m 


Thus, 
(vg); = e»rgjrc = w2(0.6708) 


۳ ۲ : 1 
The mass moment of inertia of the rod about its mass center is Iç = pm 


1 
E (15)(0.67) = 0.45 kg - m°. Thus, the final kinetic energy is 


1 1 
T, = 2 mco) u- “يه ی[‎ 


5 5 (5) wa(0.6708)f 4 5 (045) c»? 


= 3.65? 


Since the rod is initially at rest, 7, = 0. Referring to Fig. b, N4 and Nz do no work, 
while P does positive work and W does negative work. When 6 = 45°, P displaces 
through a horizontal distance sp — 0.6m and W displaces vertically upwards 
through a distance of h = 0.3 sin 45°, Fig. c. Thus, the work done by P and W is 


Up = Psp = 200(0.6) = 120 J 
Uw = -Wh = —15(9.81)(0.3 sin 45°) = —31.22 J 
Principle of Work and Energy: 
Tı + 3U,_) = T; 


0 + [120 — 3122] = 3.6»? 


W-15(9.81) N 


Ng 


P=200N 


1829. 


A force P is applied to the cable which causes the reel of mass M to turn since it is resting 
on the two rollers A and B of the dispenser. Determine the angular velocity of the reel after 
it has made two revolutions starting from rest. Neglect the mass of the rollers and the mass 
of the cable. The radius of gyration of the reel about its center axis is kg. 


Given: PU. 


P < 20 

M = 175 kg 
kg = 0.42 m 
0 = 30 deg 


rj = 250 mm 
ro = 500 mm 


a = 400 mm 


Solution: 


1 8zP rj 
0 + P2(2ar) = Mke al @ = 


18-31. 


The uniform bar has a mass m and length /. If it is released 
from rest when 6 = 0°, determine its angular velocity as a 


function of the angle 6 before it slips. 


SOLUTION 


Kinetic Energy and Work: Before the bar slips, the bar rotates about the fixed axis W=mg 


passing through point O. The mass moment of inertia of the bar about this axis is 


1 1 1 
Io = 12 mÊ + n( 2) = gm”. Thus, the kinetic energy of the bar is 


T= m. = (me) = ay l 
2 2\9 18 h= sino o 


Initially, the bar is at rest. Thus, 7, — 0. Referring to the FBD of the bar, Fig. a, we 
notice that N and F, do no work while W does positive work which is given by 


l, mgl . 
Uw = Wh = mg g sind um sin 0 (a) 


Principle of Work and Energy: 


Ti + Ui = 12 
mel 1 

0+ m sin 0 = gg" 
3 

wo = sino 


w= e نت‎ 


18-32. 


The uniform bar has a mass m and length l. If it is released 
from rest when 0 = 0°, determine the angle 0 at which it 
first begins to slip. The coefficient of static friction at O is 
Hs = 0.3. 


SOLUTION 


11 + EU, - T> 


1 1,1 1 
04 mee sin 0) jl m H mle? 
he /3 g sin 0 
l 
G+=Mo = Ioa; sut لاك‎ P4 dy 
0 OC; mg 6 p” T mg 0 
_ 3gcos0 
SU 21 


. 3 6 17 
+ ZF, = m(ag);; MsN - mgsind = ۲ 1 Xo 


uN = 1.5 m g sin 0 


3 g l 
+22, = m(ag); -N + 7 ع‎ 6050 = m— Xg 
N = 0.75 m g cos 0 
Thus, 
کے‎ tanê 
Ms 035 
0.3 = 2 tan 0 


Ans. 


18-34. 


A ball of mass m and radius r is cast onto the horizontal 
surface such that it rolls without slipping. Determine its 
angular velocity at the instant 0 = 90°, if it has an initial 
speed of vg as shown. 


SOLUTION / VG 
9 


v 
Kinetic Energy and Work: Since the ball rolls without slipping, vg = wr or w = = 
r 


: . R ۲ 2 
The mass moment of inertia of the ball about its mass cener is Ig = gr. Thus, the 


kinetic energy of the ball is 


Tolmie ea 
E 2G 2 Go 
1 1/2 vg V 
img (30e (58) 
= 10e 


Initially, the ball has a speed of vg. Thus, T, = mod. Referring to the FBD of the 
ball, Fig. a, we notice that N does no work while W does negative work. When 


h = R(1— cos 90°) = R. Thus,‏ ,90° = م 


Uy = -Wh = —mgR 
Principle of Work and Energy: 

Tı + Uj» = T3 

7 

10 


mug + (—mgR) mv)? 


10 


(ug) = NEU — 10gR) 


so that 


Ans. 


18-35. 


A ball of mass m and radius r is cast onto the horizontal 
surface such that it rolls without slipping. Determine the 
minimum speed vg of its mass center G so that it rolls 
completely around the loop of radius R + r without leaving 
the track. a 


۳ 
VG 
جحلب‎ 


SOLUTION 


apc‏ يان 


NvO 


= i 
" (aq), e 
1/2 2M "G| 1 2 5(2 363 , [1 1 I 
(r X 2) E wG mg(2R) 2) 5 x z (GR) 
3 0۵, - m (4^) 
scm = 


18-36. At the instant shown, the 25-kg bar rotates 6 
clockwise at 2 rad/s. The spring attached to its end always 

remains vertical due to the roller guide at C. If the spring 

has an unstretched length of 0.6 m and a stiffness of 

k = 100 N/m, determine the angular velocity of the bar the k 12m 
instant it has rotated 30° clockwise. 


A 
Datum through A. E — 
B 
T, + Vi 2 T; + V, 2 rad/s 
1.8m | 
1 E (25)(1 8) Qy + lawa 2 - 0.6)? = 0 E (25)(1 z 2 
+ 5 (100)(2.1 — 0.6)? — 25(9.81)(0.45) 
w = 2.275 rad/s Ans. 
W=25981)N £g 
W=25(9.81) N 
Datum 


. 0.9 sin 30° = 0.45 m 
1.8 sin 30° = 0.9 m 


18-37. At the instant shown, the 25-kg bar rotates C 
clockwise at 2 rad/s. The spring attached to its end always 
remains vertical due to the roller guide at C. If the spring 
has an unstretched length of 0.6 m and a stiffness of 


k = 200 N/m, determine the angular 0, measured from the k iom 
horizontal, to which the bar rotates before it momentarily 
stops. 

BA 

; 

2 rad/s 
1 + ۲۷ < 7 + V5 1.8 
11 2 2,1 5 1 1 2 
2|3 (25)(1.8^) (2) + z (200)(1.2 - 0.6) = 0 + 3 (200)(1.2 + 1.8sin 0 — 0.6) 
— 25(9.81)(0.9 sin 0) 
W-25(9.8) N 
90 = 3601 + 3 sin 0 — 220.725 sin 0 ean 8 
54 = —4.725 sin 0 + 324 sin? 0 s 
3 0 E یس ودح‎ Tatum 
Set x = sin 0, and solve the quadratic equation for the positive root: j ۲ 
sin 0 = 0.4156 18 sin 6 


SW 
مه‎ MN 
W=25(9.81) N 


18-38. 


The spool has a mass of 50 kg and a radius of gyration 
ko = 0.280 m. If the 20-kg block A is released from rest, 
determine the distance the block must fall in order for the 
spool to have an angular velocity w = 5 rad/s. Also, what is 
the tension in the cord while the block is in motion? Neglect 
the mass of the cord. 


SOLUTION 
v4 = 020 = 0.2(5) = 1 m/s 


System: 


Tı + Vus Ti+ Vo 


[0 + 0[ + 0 = 0111 + 5 £50(0.280)°1(5)° — 20(9.81) s 


Block: 


Ti F DU 1-2 = T> 


0 + 20(9.81)(0.30071) — 7 (0.30071) = 5 090 


rien - 


T 


2049.8) N 


18-39. 


The spool has a mass of 50 kg and a radius of gyration 
ko = 0.280 m. If the 20-kg block A is released from rest, 
determine the velocity of the block when it descends 0.5 m. 


SOLUTION 


Potential Energy: With reference to the datum established in Fig. a, the gravitational 
potential energy of block A at position 1 and 2 are 


Vi (Và Way, = 20(9.81)(0) = 0 


V2 = (Vg; = -Way, = -20(9.81)(0.5) = —98.1J 


0 v 
Kinetic Energy: Since the spool rotates about a fixed axis, w = A= m = 0۰ 
FA a 


Here, the mass moment of inertia about the fixed axis passes through point O is 


Io = mk’ = 50(0.280)* = 3.92 kg - m°. Thus, the kinetic energy of the system is 


T 


1 
سول‎ F 2 


= $(3.92)(50 AY + $(20)0,? = 590 


Since the system is at rest initially, T; = 0 
Conservation of Energy: 

T, + ۷ < 1 + V2 

0+ 0 = 59v,? + (—98.1) 


v4 = 1.289 m/s 


18-58. 


When the slender 10-kg bar AB is horizontal it is at rest and 
the spring is unstretched. Determine the stiffness k of the 
spring so that the motion of the bar is momentarily stopped 
when it has rotated clockwise 90°. 


SOLUTION 
1+ ۷ < 7 + ۷ 


لقط)روو 5 - 20033541 + 0 = 0 +0 


Ans. 


18-59. 


When the slender 10-kg bar AB is horizontal it is at rest and 
the spring is unstretched. Determine the stiffness k of the 
spring so that the motion of the bar is momentarily stopped 
when it has rotated clockwise 45°. 


SOLUTION 


Potential Energy: From the geometry shown in Fig. a, we obtain (yg). = 


0.75 sin 45° = 0.5303 m and CB’ = V3? + 1.5? — 2(3)(1.5) cos 45° = 2.2104. With 
reference to the datum established in Fig. a, the initial and final gravitational 
potential energy of the system is 


(Và = WAs(yg) = 0 
)۷ و(‎ = -Was(yo); = —10(9.81)(0.5303) = - J 


Initially, the spring is unstretched. Thus, (V,); = 0. At the final position, the spring 
stretches $ = CB’ — CB = 22104 — 1.5 = 0.7104 m. Then (V), = 0 and (Vj); = 


1 1 
5 ks? = 24 (0.71047) = 0.2524k. 


Vi = (Vài + Vg) = 0 
V; = (V; + (V); = 02524k—52.025 


Kinetic Energy: Since the bar is at rest initially and stops momentarily at the final 
position, T, = T, = 0. 


Conservation of Energy: 
Ti + Vi = T> + Va 
0 + 0 = 0 + 0.2524k — 52.025 


k = 206.15 N/m = 206N/m — Ans. 


18-63. If the 6-kg rod is released from rest at 0 = 30°, 
determine the angular velocity of the rod at the instant 
0 = 0°. The attached spring has a stiffness of k = 600 N/m, 
with an unstretched length of 300 mm. 


Potential Energy: With reference to the datum in Fig. a, the gravitational potential 


energy of the rod at positions (1) and (2) is L ١ k = 600 N/m 
(V,)i = -W(yg) = —6(9.81)(0.15 sin 30°) = —4.4145 J 200 mm JR 
(Ve)2 = WOva)2 = 6(9-81)(0) = 0 

The stretch of the spring when the rod is in positions (1) and (2) is 

sı = BIC - ly = V0.3) + 0.42 — 2(0.3)(0.4) cos 120° — 0.3 = 0.3083 m and 280 ba 


BC — ly = V0.3 + 0.4? — 0.3 = 02 m. Thus, the initial and final elastic‏ = رو 
potential energy of the spring is‏ 


1 ۳/۹ 1 23 .— 
3 ksi? = 5 (600)(0.3083 ) = 28.510 J 


—. 
< 
n 
nan 
= 
ll 


(V); zs! - 5 (600 (02) = 12J 


Thus, 


—4.4145 + 28.510 = 24.096 J 


Vi = (Và) + Vet 


V; = (Vg; + (V); = 0 + 12 - 3 


Kinetic Energy: Since the rod rotates about a fixed axis passing through point B, its 


1 
kinetic energy can be determined from T = 2 Igo?, where 
_ 1 2 2 2 
Ig = 55(6)(0.7) + 6(0.15?) = 0.38 kgm 


Thus, 


1 1 
Te 2 1 = 2)038(* = 0199? 


Since the rod is initially at rest, T4 = 0. 


Conservation of Energy: 
1, +Vı= T; + V3 


0 + 24.096 = 0.199? + 12 


Problem # 1 


18-2. The wheel is made from a 5-kg thin ring and two 2-kg 
slender rods. If the torsional spring attached to the wheel's 
center has a stiffness k = 2 N - m/rad, so that the torque on 
the center of the wheel is M = (20)N-m, where ۵ is in 
radians, determine the max um angular velocity of 
the wheel if it is rotated two revolutions and then released 
from rest. 


Solution: 
۳ 8 : S E 
rodas: 9 39 Diese 
Ke Qu € | عم‎ 
M- 8 
هبه لي‎ m میم‎ of kar e rou, Celle مهن‎ C. Das cask” 
MOM ملت مار‎ OCCURS ORT لقت‎ wet. مد‎ vy 5 c 


, AY 
NT موه شین‎ z E 5 6 = 58 Nem. 


0 


2 = 158 am 
y LSB 
Problem # 2 


At the instant shown, link AB has an angular‏ ع 
city AB ^ 2130/5. lf each link is considered as a‏ 
orm slender bar with a mass of 0.5 kg/cm, dctermine‏ 
otal kinetic energy of the system.‏ 


Solution: 


= M^ کاس‎ 


Ww 
NX, 


3 


A 


- ToT ued =. kA 


8 

GOS‏ م یا 

an a‏ سے 
١ = Vag + Lee + et.‏ 
Goa)” P» r oX ETE E Loopy. 6045 )‏ ریا 4( Si Y‏ = 
E‏ 2\3 
Doig + ,600 6G 5 0090 + oc | = .o0$1‏ 
sles m IE " mud‏ + 


Problem # 3 


18-9. A force of P = 20N is applied to the cable, which 
causes the 175-kg reel to turn since it is resting on the two 
rollers A and B of the dispenser. Determine the angular 
velocity of the reel after it has made two revolutions 
starting from rest. Neglect the mass of the rollers and the 
mass of the cable. The radius of gyration of the reel about its 
center axis is kg = 0.42 m. i 


Solution: 
۾‎ 
ce 0 =, 250 نم‎ AMO. 
Ro هاوگ‎ w. 
wh, شا‎ 
Woy £ O 
e- AON. 


T a“ 
| 4 وم لا‎ * TIN 


E? 


z0 Mr ماهد ل‎ 

Maas له‎ wau i yola = MO = 2o (95) AY > 62.8 ۳4 
(o همه سای‎ (ces. dee wore. 

bx Le = ۳15 (. 42) * $0984. hee 


Z) we = (2% الك وم ا‎ 
20.81 een 


Problem # 4 


18-11. A yo-yo has a weight of 3 N (= 0.3 kg) and a radius 
of gyration kg = 0.03 m. If it is released from rest, 
determine how far it must descend in order to attain an 
angular velocity w = 70 rad/s. Neglect the mass of the 
string and assume that the string is wound around the 


central peg such that the mean radius at which it unravels is 
r = 0.01 m. 


Solution: 


mw: m k 
an © vl 
۷ < osm م مت‎ = 2 (oa) 3215 ¥ 10 av 
RQS 
Wi 0 Q. 
à gf. 
We - 0 s ف ر‎ 


= m > = A 8 A4 —ü. 
E E p P © ۶ 
3 2 "O LI —— =. 21$ xi ^ whe 3 (ot 2 5۵ 
A $ A شام‎ E a gt 
$ 2 ax ioo $5 5 . 
e. ۹4 0 
= ph 250 wm. 
Problem #5 


18-17. The 4-kg slender rod is subjected to the force and 
couple moment. When the rod is in the position shown it 
has a angular velocity w; = 6 rad/s. Determine its angular 
velocity at the instant it has rotated 360°. The force is always 
applied perpendicular to the axis of the rod and motion 
occurs in the vertical plane. 


15N 


40 N-m 0 بن‎ = 6 rad/s 


Solution: 


۶ ۱ ع 
yE ۲- ۷۸ Boe‏ ۱ ۲ 
m Ms gown ki wf.‏ 
Q Áw‏ 
Wwe Aa‏ 
WL? los‏ 
Uus‏ وى لا + et‏ 


عسوا (ou afore Fras)‏ المع لم 
mona = we)‏ ه "b 6 (av) a‏ 


yed oves meee Dee LOS aa 


ra 5 6 
"Au. و‎ ~~ Dib ocio . ۱ 8 +2 ۱(* 9 
7 No ۵ Sj tg وو‎ | 
Meng, ? (4o + 543) DY = 524 
= 4 rod (s 


Problem # 6 


18-23. The 20-kg disk is originally at rest, and the spring 
holds it in equilibrium. A couple moment of M = 30N:m 
is then applied to the disk as shown. Determine how far the 
center of mass of the disk travels down along the incline, 


measured from the equilibrium position, before it stops. The 
disk rolls without slipping. 


mem 
M =30N-m N 


Solution: 


6۶۵ 2a 
Y^ 2 20 هما‎ 
Me SO M مب‎ 


Wir O 
Wg =O 
ES ASe, 


Nw‏ 150 - .ما 


MoO. 


2) 5 A ^ k » " JA Ra Ca cto duet Ca, has 
vora سب وت ۵ مومه اله‎ 4 Sa 9 => gt ASG | S a Sq 


, e 
"TE 


سس a‏ 
)= و عم Te‏ کی وا Van‏ وم ذا + , 


Ope ©‏ + ع۵ ۰ يول 
Of Seu Sie eA‏ دين luf we yee che‏ 

CEDE Ta bak we don + know (Fee dee Buses 

2 د ووم‎ - UD + DAs) فقن‎ (9o. 
9 Fe ع‎ ۵6۱ ۰ 

=) NE A$. - O Stm 

Voy +90 ) 480 (OS aSa) 
۱ Sin 3O 

Ou „+ 0 56م‎ 


5 
بر‎ ee عن لوی ای‎ À 
Wer - NS A ۱ ۱ 
2> (se + 22:98 7 Oga +5 وک‎ 7 Sa 2.0 m, 


10 


Problem # 7 


18-25. The linkage consists of two 8-kg rods AB and CD 
and a 10-kg bar AD. When 6 = 0°, rod AB is rotating with 
an angular velocity w4g = 2 rad/s. If rod CD is subjected to 
a couple moment M = 150 N : m and bar AD is subjected to 
a horizontal force P = 200 N as shown, determine og at 
the instant 0 — 45*. 


k Qo Om هبكر‎ e = Eka 


Kb = ĝm Mar = 10 key 
a 6-02 M CS 
3 200 
A "مه و6‎ 
ل‎ uM. 
Er * ۵ ود‎ 2 
OR 10.61. 
Sine = و‎ (aa |° = Treo. Te + ط‎ 


inet ROO ON 


STs 47 + 30> 


d. 7 fe x los 1 is 


eo work Lek jj © 45° 


۱۵2.۱ مەلە‎ 
2 
4) Oe” = 20 , (61 WE 


D" raa ka: Cor سره مت‎ 


11 


eto v 00 
ANUS ap, e 0 M n 
di c To 
bi: هت‎ Sawm. 
? ديول‎ - 2* (Haat (.293) ۳۹ 

- (۲ a کون‎ vehe, 2259“ 

Uu = tiso (Wa) = UTE joec. 

Qe = 0 0 الجا‎ T5 مدل‎ 


=? 9وا‎ 1 - 5 4w1$4285 = BO. WE 


Problem # 8 


18-30. The assembly consists of two 150-N (= 15-kg) 
slender rods and a 200-N (= 20-kg) disk. If the spring is 
unstretched when @ = 45° and the assembly is released 
from rest at this position, determine the angular velocity of 
rod AB at the instant 0 = 0°. The disk rolls without 


slipping. 


12 


> | ال‎ m 


a I 


Solution: 


Ruz ALO wo 
۷ > 4o lw 
= 9 NOS wis, یمین‎ Clos el 
9. 4S SER ۱ N 
Kg e QC. Sm. 
ave Wag, ® oso. Mag = MEC iSO ja اه‎ kgs 


mos RORA KA 


"e C, tolls 
$ e : o 
A ي‎ WS Siw 4S م‎ 1.06 m. 


oe E 5 
NS = | e 7 ( E $ = 4S. 81 kgr í 
wota ak ok 6 © j Uae D a Wa, oa WRC, 


سر 
C * Oa. = ya.‏ 


E 1 
ane gems | = 48310 
Wor * Ve~ Ya 
bet Ope 9)9 7 38 dT 
"A eg ود‎ 7 | 
di T 3 à | — 4,222. | 
= m Lone: E 


WAL 39‏ 7 م) د رو 5 


CENE 0 
72 88 -AS = 4681 33> 5.04 


eos 2365 
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Problem # 9 


18-41. The spool has a mass of 50 kg and a radius of 
gyration ko = 0.280 m. If the 20-kg block A is released 
from rest, determine the distance the block must fall in 
order for the spool to have an angular velocity w = 5 rad/s. 
Also, what is the tension in the cord while the block is in 
motion? Neglect the mass of the cord. 


Solution: 
"TENE — 
Riv ou. maso * Pko 
Ro Ko . 0.280 سحي‎ 
= O. S e . a 
۱ lv &o(.29)» 89% kaye 
Mae > Zoko 
Wa = © 
we Ss) 


uoa Suter. we Oo nad nei HEBD. 
ut d ۷ و‎ * Ve 


14 


C0 


N= mn Aha, 


^t = E & TA ee OR OE 
dE. Q0 4 we Sen Kae s 
ex lA + x )392( 5 
2. 2 
- ۱0 + AG = 59 ouo " 
Yue O 
=> Ah, = 3 O03 mw 
و‎ Ks 8 ۰ 
re 


5 g= 
EEIN (o5) 9 as سل‎ ۵ 


wa- Te RD 


>) gi MA es \ x) T DO(A- .ا‎ 62.8 N 
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Problem # 10 


18-42. When the slender 10-kg bar AB is horizontal jt isat 
rest and the spring is unstretched. Determine the stiffness 4 
of the spring so that the motion of the bar is momentarily 
stopped when it has rotated downward 90°, 


Solution: 
& , . 
" 5 ۱ 
jonm ار سس‎ AB. LS T 
| * Baul 
ia Re LS MA, 
Mag = 0 Ve 
Ds € 4D 
Os - Qo => هب‎ 
_ 
À 
0 
م‎ 
9 
E. d. = 


16 


on s ae xi. 03 


Ne " vo (a e Yo 3 e TS. رصم‎ 


0 8 L z SO = LEE | 
رلا‎ 2 Vet ا- و 5 5 کر‎ 
= “3 = مد‎ (as) > k= 420 Nim, 
2 


Problem # 11 


18-46. The 40-kg cylinder is attached to the 5-kg slender 
rod which is pinned at point A. At the instant 0 — 30* the 
rod has an angular velocity of وه‎ = 1 220/5 as shown. 


Determine the angle 8 to which the rod swings before it 
momentarily stops. 


17 


Solution: 


© PI ۴2 OW ww. 


64 عم‎ m= They 
m i 
MÀ Yes O/5w. D> Lee 168) - 06% 
SE Ss kg 
مها‎ . 
; 5 colis . 
2 We @ عسمف مله قرفي حم‎ . 


O. ۱ 
pron Vie ES ES 
Ni = " (a. ey(s. o) = 23.4 joutes. 
T 


ba. قمع‎ hate, 


3 0 LL ut Ne = 042 « 1 (4) z 15 kom ; 


= 


> 33S*2 wr د چ‎ | 
15 
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19 


19-4, 

The slender rod of mass M rests on a smooth floor. If it is kicked so as to receive a 
horizontal impulse / at point A as shown, determine its angular velocity and the speed of its 
mass center. 


Given: 
M = 4 kg 
lı =2m 
l = 1.75 m 
IT=8Ns 
0 = 60 deg 
Solution: 
m rad 
Guesses y= 1 @ = 1 — 
5 5 
lj 1 
Given sin - 1 - MI o I= Mv 


Eum EEE -‏ سل 
v‏ 


19-8. 


The spool has mass mg and radius of gyration kọ. Block A has mass my, and block B has mass 
mg. If they are released from rest, determine the time required for block A to attain speed ۰ 
Neglect the mass of the ropes. 
Given: 

ms = 30 kg mp = 10 kg ro = 0.3 m 


m m 
ko = 0.25 22 v4 =2 — و‎ = 9.81 — 
S 


m4 = 25 kg rj = 0.18 m 


Solution: 
m rad 
Guesses / < 1 و‎ yp < 1 - o-21-—— 
5 5 
Given V4 = Oo VB = OF; 


2 
0+ 1۲۸811 = 1112 9 11 = 1۸۷۸۲ mpvpri + msko 0 


t 


m rad 
vg | = Find(?, vg, o) vp =120  =667— 7265308 Ans. 
5 5 


e 


19-9, 


The wheel having a mass of 100 kg and a radius of gyration 
about the z axis of k, = 300mm, rests on the smooth 
horizontal plane. If the belt is subjected to a force of 
P = 200 N, determine the angular velocity of the wheel and 
the speed of its center of mass O, three seconds after the 
force is applied. 


SOLUTION 


Principle of Angular Impulse and Momentum: The mass moment of inertia of the 
wheel about the z axis is J, = mk, = 100(0.3?) = 9 kg: m^. Applying the linear and 
angular impulse and momentum equations using the free-body diagram of the wheel 
shown in Fig. a, 


12 
E m(v,), + zf F,dt = m(v,)2 
41 


0 + 200(3) = 100(vo); 


and 


ty 
Lw + zj M.dt = Lo 
ti 


وه = ])200(0.4)(3[ — 0 


rad/s Ans.‏ 267 = يه 


19-10. 


The 30-kg gear A has a radius of gyration about its center of 
mass O of kg = 125mm. If the 20-kg gear rack B is 
subjected to a force of P = 200N, determine the time 
required for the gear to obtain an angular velocity of 
20 rad/s, starting from rest. The contact surface between the 
gear rack and the horizontal plane is smooth. 


SOLUTION 


Kinematics: Since the gear rotates about the fixed axis, the final velocity of the gear 
rack is required to be 


(vg); =w = 20(0.15) E m/s — 


Principle of Impulse and Momentum: Applying the linear impulse and momentum 
equation along the x axis using the free-body diagram of the gear rack shown in Fig. a, 


(+) m(vg), + x | a = m(vg)2 
0 + 200(t) — F(t) = 20(3) 


F(t) = 200 — 60 (1) 


The mass moment of inertia of the gear about its mass center is و‎ = 
mko? = 30(0.125?) = 0.46875 kg- m°. Writing the angular impulse and momentum 
equation about point O using the free-body diagram of the gear shown in Fig. b, 
E 
Io F > Modt = ده ن]‎ 


41 


0 + F(t)(0.15) = 0.46875(20) 


F(t) = 62.5 (2) 


Substituting Eq. (2) into Eq. (1) yields 


30(4.81)\N 


a L3 


19-12. 


A wire of negligible mass is wrapped around the outer surface of the disk of mass M. If the 
disk is released from rest, determine its angular velocity at time f. 


Given: — 


M=2kg t=3s r = 80mm 


Solution: T 


3 
0+ Mgrt- 2 Mr o IC 


Mg =| 


19-13. 


The slender rod has a mass m and is suspended at its end A 
by a cord. If the rod receives a horizontal blow giving it an 
impulse I at its bottom B, determine the location y of the 
point P about which the rod appears to rotate during the 
impact. 


SOLUTION 
Principle of Impulse and Momentum: 
ty 
(G +) Igo, F zf Mg dt = Ig [07] 
41 
l 1 
+ I| =] = | ۳۶ == 
0 (5) E le I م‎ nilo 
12 
(+) m(vax)1 + zf F, dt = m(vax)2 
41 
1 l 
0 + gmo = mug ug = سج‎ 


Kinematics: Point P is the ۰ 


Using similar triangles, 


matt) MY, 


Ans. 


19-21. 


The drum has mass M, radius r, and radius of gyration ko. If the coefficients of static and 


kinetic friction at A are 4, and 4, respectively, determine the drum's angular velocity at time 1 


after it is released from rest. 


Given: 


M = 70 kg Ms = 4 


6 = 30 deg 


r = 300mm 4,=03 g =9.81 = 


ko = 125mm / - 65 


Solution: Assume no slip 


Guesses Fr=1N Fy=IN 


Given 0 + Fert = Mko o 


Mgsin(6)t - ۲۸ = Mv 


Fy | = Find(Fy, Fray, Fy, 0, v) 


v= or 


5 


Fmax = Hs FN 


Since سر‎ SIN < Fryar = 238N then our neslip assumptionis good- Ans 


19-23. 


The 100-kg reel has a radius of gyration about its center of 
mass G of kg = 200mm. If the cable B is subjected to a 
force of P = 300 N, determine the time required for the 
reel to obtain an angular velocity of 20rad/s. The 
coefficient of kinetic friction between the reel and the plane 
is Hk = 0.15. 


SOLUTION 
Kinematics: Referring to Fig. a, the final velocity of the center O of the spool is 

(vc); = @2'G/IC = 20(0.2) = 4m/s = 
Principle of Impulse and Momentum: The mass moment of inertia of the spool 
about its mass center is Ig = mkg? = 100(0.22) = 4 kg- m?. Applying the linear Iz 
impulse and momentum equation along the y axis, G IC 
(+1) m(u,)ı + X J F,dt = m(v,) 


0 + N(t) — 100(9.81)(t) -0 N =981N ozm 


Using this result to write the angular impulse and momentum equation about the IC, 
ty 
+ Hic) + € | Mycdt = (H ( 
8 (Arc) | IC (Hich VG), 
0 + 0.15(981)(4)(0.5) — 300r(0.3) = —100(4)(0.2) — 4(20) N 


EET Ans. W=20 / adjs 


/00(280(t) /004) kg-mfs 


19-26. 


If the shaft is subjected to a torque of M = (1577) N- m, 
where ۶ is in seconds, determine the angular velocity of the 
assembly when 1 = 3 s, starting from rest. Rods AB and BC 
each have a mass of 9 kg. C A 


im C TO M = (SA) Nm 
"di 


cum 


SOLUTION 


Principle of Impulse and Momentum: The mass moment of inertia of the rods 
1 1 

about their mass center is Ig = qi" = i; 0X) = 075 kg- m?. Since the 

assembly rotates about the fixed axis, (vG)4g = e(rc)Ag = o(0.5) and 


(vg)gc = e(rc)gc = of ۱/12 + 65 = w(1.118). Referring to Fig. a, 


C+ (Hts f M, dt = (Hj); 


3s 
0+ / 15/20۶ = 9| (1.118)س |9 + 0750 + )0.5( (0.5)ه‎ [)1.118( + 50 
0 


3s 


= 15w 


wal} "079 


19-27. 


‘Ihe square plate has a mass m and 15 suspended at its 
corner A by a cord. If it receives a horizontal impulse I at 
corner B, determine the location y of the point P about 
which the plate appears to rotate during the impact. 


SOLUTION 
(C4) (Hz / Mg dt = (Ha); 


0 4 (Js) A ۲ a’) c 


0+ I = mg 


ر 


Problem # 1 


19-11. A wire of negligible mass is wrapped around the 
outer surface of the 2-kg disk. If the disk is released from 
rest, determine its angular velocity in 3 s. 
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Problem # 2 


- 3-15. 'The 4-kg slender rod rests on a smooth floor. If it is 
kicked so as to receive a horizontal impulse Z = 8N'sat 


point A as shown, determine its angular velocity and the 
speed of its mass center. 
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Problem # 3 

19-18. The double pulley consists of two wheels which are 
attached to one another and turn at the same rate. The 
pulley has a mass of 15 kg and a radius of gyration 
kg = 110 mm. If the block at A has a mass of 40 kg, 
determine the speed of the block in 3 s after a constant 
force F = 2 kN is applied to the rope wrapped around the 
inner hub of the pulley. The block is originally at rest. 
Neglect the mass of the rope. 


Solution: 


Rie O.01Sm™ 
Ge 0200 m. 
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Problem # 4 


19-27. The spool has a weight of 750 N (= 75 kg) and a 
radius of gyration ko = 0.6 m. If the block B weighs 600 N 
(= 60 kg), and a force P = 250 N is applied to the cord, 
determine the speed of the block in 5 s starting from rest. 
Neglect the mass of the cord. 


Solution: 


= Mo ok = "Lo "P | Mag EL. 


250 (A) © - من‎ (s) (5) = Ee (Goo > E ادوس‎ E 


3 > Bix 
2) (9€ WS = Mo? bw 


2 
ایل = يلق‎ Dd 2 w+ $465 


TE‏ $5 ا دعكا 
Problem # 5‏ 
The square plate has a mass 7+ and is suspended at‏ .19-30 
its €‏ 


orner A by a cord. If it receives a horizontal impulse Lat 
corner B, determine the location y of the point P about 
which the plate appears to rotate during the impact. 


Solution: 
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Problem # 6 


19-38. The rod has a length L and mass m. A smooth 
collar having a negligible size and one-fourth the mass of 
the rod is placed on the rod at its midpoint. If the rod is 
freely rotating at œ about its end and the collar is released, 
determine the rod’s angular velocity just before the collar 
flies off the rod. Also, what is the speed of the collar as it 
leaves the rod? 


Solution: 
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Problem # 7 


*19-44. The pendulum consists of a 25-N (= QE 
slender rod AB and a 50-N (= 5-kg) wooden block. 4 
projectile weighing 1 N (~ 0.1 kg) is fired into the center, 
the block with a velocity of 300 m/s. If the pendulum | 
initially at rest, and the projectile embeds itself into ن‎ 
block, determine the angular velocity of the pendulum jy, 
after the impact. 3 


Solution: 
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22-5. 


When a 3-kg block is suspended from a spring, the spring is 
stretched a distance of 60 mm. Determine the natural 
frequency and the period of vibration for a 0.2-kg block 


attached to the same spring. 


SOLUTION 


=.) =} 49.52 1 

Wy a 02 9 Ans. 
- P 78Hz 

on _ = Ans.‏ بت 

Í = جر‎ 2m : 


22-10. 


Determine the frequency of vibration for the block. The 
springs are originally compressed A. 


SOLUTION 
— 2 = ma, ; —4kx = mx 
. 4k 
Aue s 
m 


Ans. 


22-11. 


Determine to the nearest degree the maximum angular 
displacement of the bob if it is initially displaced 0, from the 


vertical and given a tangential velocity v away from the vertical. 


Given: 
m 
09 = 0.2 rad v= 0.4 — 1=0.4m 
5 
Solution: 
iy = |Ë A=@ B= 
l l@n 


(t) = Acos(@pt) + Bsin(oy 1) 0 < a +B C - 16deg Ans. 


22-19. 


The 50-kg block is suspended from the 10-kg pulley that has 
a radius of gyration about its center of mass of 125 mm. If 
the block is given a small vertical displacement and then 
released, determine the natural frequency of oscillation. 


SOLUTION 


Equation of Motion: When the system is in the equilibrium position, the moment 
equation of equilibrium written about the IC using the free-body diagram of the 
system shown in Fig. a gives 


G+3Mic = 0; (Fp) s (0.3) — 10(9.81)(0.15) — 50(9.81)(0.15) = 0 


(Fyp)s = 294.3 N 


Fsp)s 2943 
( 3 mm 1500 ^ 0.1962 m. Referring 


the pulley shown in Fig. a, the spring stretches further s4 = r4/;c0 = 0.30 when 
the pulley rotates through a small angle 0. Thus, F,, = k(so + s1) = 
1500(0.1962 + 0.30) = 294.3 + 4500. Also, ag = 26 = 6(0.15). The mass 
moment of inertia of the pulley about its mass center is Ig= 


mkz, = 10(0.125") = 0.15625 kg- m?. Referring to the free-body and kinetic 
diagrams of the pulley shown in Fig. b, 


Thus, the initial stretch of the spring is sọ = 


SMrc = (Mpc; —10(9.81)(0.15) + 50(9.81)(0.15) — (294.3 + 4500)(0.3) 
= 10[8(0.15) (0.15) + 50[8(0.15) (0.15) + 0.156256 
0 + 89.630 = 0 


Comparing this equation to that of the standard form, the natural frequency of the 


system is 
€, = V 89.63 rad/s = 9.47 rad/s Ans. 


SE ۲ = 1500 N/m 


/0]8)015([ .. 
0.15625 © 
A 4 
509-81) 50[6(0:15)] 
(A) 
0.3m 
9,8 
TC A Viz 
Fele loi 
0 
کپ‎ 


22-20. 


A uniform board is supported on two wheels which rotate 

in opposite directions at a constant angular speed. If the | لمیر‎ 
coefficient of kinetic friction between the wheels and board 
is u, determine the frequency of vibration of the board if it 
is displaced slightly, a distance x from the midpoint between 
the wheels, and released. 


> 
< 
— 

es] 


SOLUTION 


Freebody Diagram: When the board is being displaced x to the right, the restoring 
force is due to the unbalance friction force at A and B [5 B > (Fp) al: 


Equation of Motion: 


4 +2۸ = X(MAX.; Ng (2d) - mg(d + x) = 0 
mg(d + x) 
N ات‎ LES 
2d 
mg(d + x) 
+Î EF, = m(ag), ; NA 3 ؟‎ mg = 0 
mg(d — x) 
N اهيا‎ LL ج‎ 
8 20 
mg(d — x) mg(d + x) 
5 XF, zz m(ac), ; 1 2d | | 2 ma 
a+ US x =0 (1) 
f — dx ۱ . 
Kinematics: Since a = EUN x, then substitute this value into Eq.(1), we have 
x x = 0 (2) 


From Eq.(2), w,” = m thus, w, = 4 2 Applying Eq. 22-4, we have 


نت E‏ دور 


22-21. 
If the 20-kg block is given a downward velocity of 6 m/s at 


its equilibrium position, determine the equation that 
describes the amplitude of the block’s oscillation. 


SOLUTION 


The equivalent stiffness of the springs in a series can be obtained by equating the 
stretch of the spring system to an equivalent single spring when they are subjected to 


the same load. Thus 


FFF 
kı k> Keg 
k+k 1 
kk; ka 


5 kika _ 1500000) gay ny 
* kı +k) 1500 + 1000 = 


The natural frequency of the system is 


|k /600 
eq 
ديه‎ un 20 7 5.4772 rad/s 


The equation that describes the oscillation of the system becomes 


y = Csin (5.4772t + $) m 
Since y = 0 when t = 0, Eq. (1) gives 
0 = Csing 
Since C # 0, sin ¢ = 0. Then ¢ = 0. Thus, Eq. (1) becomes 
y = Csin (5.4772) m 
Taking the time derivative of Eq. (2), 
y = v = 5.4772C cos (5.4772t) m/s 


Here, v = 6 m/s when t = 0. Thus, Eq. (3) gives 
6 = 5.4772C cos 0 


C = 1.095 m = 1.10m 


Then 


® 


(2) 


(3) 


Ans. 


22-23. 


The block has a mass m and is supported 
by arigid bar of negligible mass. If the 
spring has a stiffness k, determine the 
natural period of vibration for the block. 


Solution: 
-kb@b = ma" a 


0 -م كمع + "م me‏ 


22-41. 


If the block is subjected to the periodic force 
F =F, cos wt, show that the differential equation of motion 
is y + (k/m)y = (Fo/m) cos ot, where y is measured 
from the equilibrium position of the block. What is the 
general solution of this equation? 


SOLUTION 
+ EF, = ma 


5 Focosat + W — K8, — ky = my 


Since W = ۵۰ 


y+(*) Seer 
y ae Cu 


Ye = Asin w,y + B cos w,y | (complementary solution) 


yp = C cos wt (particular solution) 
Substitute y, into Eq. (1). 


k F 
qe + ۳ wt = — cos wt 
m m 


Fo 
Ea = 

k 

m 
y7yct Yp 


(1) (Q.E.D.) 


Ans. 


44 


F = Fy cos wt 


04 وم واد ۲ 


22-42. 


The block shown in Fig. 22-16 has a mass of 20 kg, and the 
spring has a stiffness k — 600 N/m. When the block is 
displaced and released, two successive amplitudes are 
measured as x, = 150 mm and x; = 87 mm. Determine the 
coefficient of viscous damping, c. 


SOLUTION 


Assuming that the system is underdamped. 


= De (int 


0 x, _ 0 
Divide Eq. (1) by Eq. (2) — = EET 
Xj e m 
X1 € 
Inj—]=(=—]@-t 
(S) - Gr) - 
2 2 ع6‎ 
However, b — h = Te = T - E and o, = 
Wa cV 2m 
Q4] 1 — (<) 
Cc 


From Eq. (5) 


lk /600 
x, = 0.15 m x; = 0.087m o, 5.477 rad/s 
m 20 


C, = 2mo, = 2(20)(5.477) = 219.09 N+ s/m 


c 
in( ها‎ a 5 i 


0. aay) 


m (=< x) 


Since C > C,, the system is underdamped. Therefore, the assumption is OK! 


(1) 


(2) 


(3) 


(4) 


(5) 


Ans. 


22-44. 


A 4-kg block is suspended from a spring that has a stiffness 
of k — 600 N/m. The block is drawn downward 50 mm from 
the equilibrium position and released from rest when t = 0. 
If the support moves with an impressed displacement of 
6 = (10 sin 4t) mm, where t is in seconds, determine the 
equation that describes the vertical motion of the block. 
Assume positive displacement is downward. 


SOLUTION 


wn = 4] i: à د‎ = 12.25 
m 4 


The general solution is defined by Eq. 22-23 with k8, substituted for 0۰ 


y = A sin wt + B cos o,t + a) sin wt 
c 
On 

6 = (0.01 sin 4t)m, hence 6) = 0.01, w = 4, so that 
y = Asin 12.251 + B cos 12.257 + 0.0112 sin 4t 
y = 0.05 when t = 0 
0.05 =0+ B+ 0; B = 0.05 m 
y = A(12.25) cos 12.257 — B(12.25) sin 12.251 + 0.0112(4) cos 4t 
v = y = Owhent = 0 


0 = A(12.25) — 0 + 0.0112(4); A = — 0.00366 m 


Expressing the result in mm, we have 


22-46. 


A 5-kg block is suspended from a spring having a stiffness 
of 300 N/m. If the block is acted upon by a vertical force 
F = (7sin 8t) N, where t is in seconds, determine the 
equation which describes the motion of the block when it is 
pulled down 100 mm from the equilibrium position and 
released from rest att = 0. Assume that positive displacement 
is downward. 


Sk = 300 N/m 


SOLUTION 
The general solution is defined by: 
Fo 
k : 
y = Asino,t + B cos ره‎ + at sin wot F=Tsin 8t 
1 = NM 
u 


Since 


F — Tsin 8t, Fy =7N, @ = 8 rad/s, k = 300 N/m 


k 300 
On Al al 5 7.746 rad/s 


Thus, 


y = Asin 7.7461 + B cos 7.746t 4 sin 8t 


y = 0.1 m when t = 0, 

0.1 < 01+ B-0; B = 0.1m 

y = A(7.746) cos 7.7461 — B(7.746) sin 7.7461 — (0.35)(8) cos 8t 
y = y = Owhent = 0, 


ý = A(7.746) - 2.8 = 0: A-0361 


Expressing the results in mm, we have 


Ans. 


22-71. 


Determine the differential equation of motion for the damped 
vibratory system shown.What type of motion occurs? 


Given: 
N N- 
M = 25 kg k = 100 — c = 200 — 
m m 


Solution: 


Mg- Ky + Yst) - 20" = My" 


My"+ky+2cy'+kyy-Mg=0 


Equilibrium ky, = Mg = 0 


My"+2cy'+ky=0 (1) 


ve د و وش هرک‎ ۱ ۱ ۱ ۱ jal 


By comparing Eq.(1) to Eq. 22-27 
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Problem # 1 


22-6. A 6-kg weight is suspended from a spring having a 
stiffness k = 1200 N/m. If the weight is given an upward 
velocity of 6 m/s when it is 50 mm above its equilibrium 
position, determine the equation which describes the 
motion and the maximum upward displacement of the 
weight, measured from the equilibrium position. Assume 
positive displacement is downward. 


Solution: 
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Problem # 2 


22-9. Determine the frequency of vibration for the block. 
The springs are originally compressed A. 


Solution: 


Problem # 3 


22-10. A pendulum has a 0.4-m-long cord and is given 
a tangential velocity of 0.2 m/s toward the vertical from a 
position ۵ = 0.3 rad. Determine the equation which describes 
the angular motion. 


Solution: 
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Problem # 4 


22-15. The semicircular disk weighs 200 N (= 20 kg) 


Determine the natural period of vibration if it is displaced a 
small amount and released. 


Solution: 
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Problem #5 


22-17. The disk has a mass of 10 kg and rolls without 
slipping on the horizontal surface as it oscillates about its 
equilibrium position. If the disk is displaced, by rolling it 
counterclockwise 0.4 rad, determine the equation which 
describes its oscillatory motion when it is released. 


k = 1000 N/m 


ES 
ee 
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Problem # 6 


22-42. The 20-kg block is attached to a spring having a 
stiffness of 200 N/m. A force F = (60 cos 2f) N. where f is in 
seconds, is applied to the block. Determine the maximum 
speed of the block after frictional forces cause the free 


vibrations to dampen out. 


Solution: 


F — 6cos2t 
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Problem # 7 


22-55. The engine is mounted on a foundation block 
which is spring-supported. Describe the steady-state 
vibration of the system if the block and engine have a total 
weight of 7500 N (= 750 kg) and the engine, when running, 
creates an impressed force F = (250 sin 2t) N, where t is in 
seconds. Assume that the system vibrates only in the 
vertical direction, with the positive displacement measured 
downward, and that the total stiffness of the springs can be 
represented as k = 30 kN /m. 


Solution: 


m= 20 Ks Fe مكو‎ 2234 
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Problem # 8 


22-58. A 7-kg block is suspended from a spring having a 
stiffness of k = 225 N/m. The support to which the spring is 
attached is given simple harmonic motion which may be 
expressed as 5 = (0.45 sin 2f) m, where f is in seconds. If the 
damping factor is c/c, = 0.8, determine the phase angle ¢ of 
forced vibration. 


Solution: 
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Problem # 9 


22-57. The block, having a weight of 15 N (= 1.5 kg), is 
immersed in a liquid such that the damping force acting on 
the block has a magnitude of F = (0.8|v|[) N, where v is in 
m/s. If the block is pulled down 0.8 m and released from 
rest, determine the position of the block as a function of 
time. The spring has a stiffness of k = 40 N/m. Assume that 
positive displacement is downward. 
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Problem # 10 


*22-60. The bar has a mass of 3 kg. If the stiffness of the 
spring is k = 120 N/m and the dashpot has a damping 
coefficient c = 900 N ۰ s/m, determine the differentia] 
equation which describes the motion in terms of the angle 0 of 
the bar’s rotation. Also, what should be the damping 
coefficient of the dashpot if the bar is to be critically damped? 
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